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Specifications 



1-1. INTRODUCTION 

•1-2. The Model 335D Voltage Standard combines a dc 
voltage source and a dc voltage measurement capability in 
one instrument. Precision dc voltages up to 1100 volts, 
variable by way of the front panel readout dials, are pro- 
vided at the OUTPUT terminals of the instrument. Measure- 
ment capabilities from 10 microvolts to 1000 volts are 
provided by a precision dc differential voltmeter. This 
combination allows flexible use of the instrument as a volt- 
age standard, a differential voltmeter, or as a null detector. 

1-3. Protection against possible equipment failures or 

operator errors, which mi^t otherwise damage expensive 
instruments, is incorporated. The VOLTAGE TRIP and 
VERNIER controls provide a means of limiting the output 
voltage within the range. Should the output voltage 
exceed a preset limit, the OUTPUT terminals arc de- 
energized. A current limiting circuit limits the available 
current to a level determined by the setting of the CUR- 
RENT LIMIT control. Therefore, it is able to provide 
currents up to, but not exceeding the level determined by 
the setting of die CURRENT LIMIT control. 

14. The inner chassis and circuitry are surrounded by 
an isolation guard which is also isolated from the front 
panel and the outside cover. When properly connected, 
the guard bypasses any circulating ground currents which 
otherwise may cause error. Remote sensing of the output 
voltage is also used with the instrument to reduce errors 
caused by voltage drop in external cables. 



1-5. Most of the instrument circuitry is mounted on 
modular plug-in cards. An extender card is provided as an 
accessory to aid in the maintenance and adjustment of the 
instrument. 

1-6. SPECIFICATIONS 

1-7. Voltage Standard 

OUTPUT VOLTAGE: Otoim.illOVDC ■ 
OUTPUT CURRENT: 0 to 50 milliamperes 
VOLTAGE RANGES: 10, 100, and lOOOV with 
outputs as follows: 

0 to n.muo 0 uV steps) 

Otp lli.nUO(lOuVsteps) 

Oto 11 11.1 110(100 uV steps) 

RESOLUTION: 0.1 ppm of range (I uV maxi-. 

mum). 

ACCURACY OF OUTPUT: (For 60 Days) 
lOV range - ±(0.001% of setting +10 uV) 
lOOV range -±(0.001% of setting +0.00002% of 
range) 

iOOOV range -±(0.0015% of setting +0.00002% 
of range) 

NOTE: The above accuracies are absolute, relative 
to MBS standards, and include effects of stability, 
line regulation, load regulation, and calibration 
uncertainties under standard reference conditions 
of 23‘^C ±I°Cmd up to 70% relative humidity. 
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TEMPERATURE COEFFICIENT OF OUTPUT; 
Less than ±(0.CKK)2% of setting +i uV)/°C from 
0“C to SOX. 

STABILITY OF OUTPUT: (At standard reference 
conditions described under ACCURACY OF OUT- 
PUT). 

lOV range 

, ±(5ppm of setting +7uV) per month 

lOOV and lOOOV ranges 

±(5 ppm of setting +30uV) per month 

OVERCURRENT PROTECTION: Automatic cur- 
rent limiting continuously adjustable from i to 60 
ma with front panel control and indicator. Normal 
operation restored upon removal of overload. 

OVERVOLTAGE PROTECTION: Automatically 
disconnects load if output voltage exceeds I to 
1200V setting of front panel controls. Manual 
reset. 

RIPPLE AND NOISE (ail frequencies): 
lOV range - less than 20 uV rms 
lOOV range - less than 30 uV rms 
1000 range - less than 40 uV rms 

SETTLING TIME: Typically, within 10 ppm of 
final output, less than 20 seconds after a range 
change. 

OUTPUT RESISTANCE: 

Less than 0.0005 ohms or (O.OCKHEo) ohms at dc. 

REGULATION; 0.0002% of setting or 10 uV for 
either a 10 % line voltage change or a full load 
change. 

COMMON MODE REJECTION; Better than 125 
db from dc to 400 up to 700V rms or 1000 
VDC. 

ISOLATION: Either output terminal may be float- 
ed up to 1000 VIX from chassis ground. 

REMOTE SENSING: Separate terminals are pro- 
vided to sense the output voltage directly at tlie 
load, reducing errors caused by voltage drop in 
connecting wires between the output and the load. 



1-8. Differential Voltmeter 

ABSOLUTE ACCURACY: Same as output 

TEMP. COEF. OF ACCURACY: characteristics 
INPUT RANGES: under 

STABILITY: Voltage Stand- 

ard. 

NULL SENSITIVITIES: lOOOV to !0 uV (full- 
scale) in 9 decade ranges. Any null sensitivity may 
be used on any voltage range. 

INPUT RESISTANCE: 

Infinite at null from 0 to 11 11 . 1 1 1 0 VDC. 

METER AND DIAL RESOLUTION: 0.1 ppm of 
range. 

1-9. Conventional Voltmeter 

ACCURACY: ±3% of range 

RANGES: Voltage Range Input Resistance: 

lOOO-O-IOOO 100 Megohms 

100-0-100 100 Megohms 

10-0-10 100 Megohms 

1-0-1 100 Megohms 

0.1 -0-0.1 10 Megohms 

0.01-0-0.01 10 Megohms 

0.001-0-0.001 I Megohm 

0 . 0601 - 0 - 0.0001 1 Megohm 

0.00001-0-0.0000! I Megohm 

1-10. Genera! 

DESIGN: Solid-state throughout (no tubes). 

STABILITY OF METER ZERO: 

On most sensitive range (10 uV full-scale): 
O.S uV peak-to-peak noise. 

0.5 uV peak-to-pcak stability for 10% line 
voltage variation. 

RECORDER/ISOLATION AMPLIFIER OUTPUT: 
Adjustable from 0 to over l.OV for end-scale 
meter deflection; source resistance 5 to 8 kildims; 
linearity better than ±0.5% of end-scale. Gain as 
an isolation amplifier is 1 .OV/null range sensitivity. 
Recorder output may be grounded or floating up 
to 100 VDC. 
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TEMPERATURE: OX to tSO^C, operating; -40“ 
C to +65'’C, non-operating. 

HUMIDITY: 0 to im. relative humidity. 

SHOCK AND VIBRATION: Meets all require- 

ments of MIL-T'945A, rigidly mounted or rack- 
mounted with slides. 

ALTITUDE: 10,000 ft. operating; 50,000 ft. 
non-operating. 

FUNGUS NUTRIENTS; MERCURIC COMPO- 
’ NENTS: None, 



335D 

FUSES: One power-line fuse; one high-voltage 
fuse. 

INPUT POWER: 1 15/230 VAC ±10%, 50-60 H/., 
sin^e phase, approximately 130 VA fully loaded. 

MOUNTING: Standard ElA relay rack (tapped for 

attachment of slides); resilient feet for bench use. 

SIZE: r high by 19" wide by 18" behind 

panel. 

WEIGHT: Approximately 50 lbs. 



Figure M. OUTLINE DRAWINGlSheet 1 of 2) 
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Section 2 







2-1. INTRODUCTION 

2-2. This section consists of information aboirt oper- 
ating and applying the instrument. Prior to initial in- 
strument operation, you may become familiar with the 
functions of the instrument controls by reading the in- 
formation contained in paragraph 2-4, "CONTROLS, 
TEI^INALS, and INDICATORS". Prior to instru- 
ment application, a few optional control adjustments 
and terminal connections, that enhance the instruments 
performance and safety to external equipment, should 
be considered. I^ragraph 2-8, "PRELIMINARY OPER- 
ATION", describes these adjustments and connecUons. 
Instructions for operating and applying the Model 33 5 D 
as either a voltage standard, high impedance voltmeter or 
null detector, or differential voltmeter are described 
in paragraphs 2-22, 2-24, and 2-26, respectively. 

2-3. If any problem is encountered in operation of the 
instrument, contact your nearest John Fluke Sales Rep- 
resentative or write directly to the John Fluke Manu- 
facturing Company with a statement of the problem. 
Please include the serial number of the instrument in 
such correspondence. 

2-4. CONTROLS, TERMINALS AND 
INDICATORS 

2-5. The name and function of the front and rear panel 
controls, terminals, and indicators are illustrated and 
described in Figure 2-1. The numbers at the tails of 
the arrow callouts correspond to the reference numbers 



in the chart immediately following the photographs. 

2-6, INPUT POWER 

2-7. The power transformer of the instrument has 
dual primary windings. Normally, these primary wind- 
ings are connected in parallel for 115 volt operation. 
Upon request, the primary windings are connected in 
series at the factory for 230 volt operation. Should 
It become desirable to convert the instrument from one 
type of power line operaUon to the other, refer to sec- 
tion 4-19. 

2-8. PRELIMINARY OPERATION 
2-9. General 

2 - 10 . Before operating the instrument as a voltage 
source or voltmeter, some preliminary settings and 
connections should be considered. Whether to use 
these settings and connections, or not, depends upon 
the degree of equipment safety and accuracy required 
The following five paragraphs discuss the merits and 
procedures for each of the settings and connections. 

2-11. Trip Setting 

2-12. The TRIP switch and VERNIER control provide 
protecUon to external equipment by limiting the maxi- 
mum allowable output voltage to the external load. The 
range of voltage limiting is selected with the TRIP 
switch. Refinement of the value of the voltage to be 
limited is accomplished with the VERNIER control. If 
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REF. 

NO. 


NAME 


FUNCTION 


o 


INPUT terminals 


The HI, LO, and f (power line ground) terminals provide a con- 
venient means of connecting a dc voltage source to the voltmeter 
input. 


© 


NULL ZERO switch and 
ADJUST control j 


Placing the NULL ZERO switch in the ZERO position, the ADJUST 
control may varied to electrically zero the meter. Optimum 
meter electrical zero is accomplished in the 10 microvolt position 
of the SENSITIVITY switch (5). Alter adjustment of the electrical 
zero the NULL ZERO switch should be returned to the OPR position. 


© 


POWER switch 


Applies line power to the auxiliary power supplies within the instru- 
ment, when in the STDBY/RESET positiCKi. TTie instrument is com- 
pletely energized when the POWER switch is in the OPR position 
and the red indicator lamp near the switch is illuminated. 



Figure 2-1 CONTROLS, TERMINALS, AND INDICATORS (Sh^t 1 of 3) 
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REF. 

NO. 


NAME 


FUNCTION 


© 


INPUT MODE switch 


Allows selection of either Differential Voltmeter operation, in 
DIFF- or DIFF+, or Null Detector operation, in TVM (Transistor 
VoltMeter). 


© 


SENSITIVITY switch 


Provides selection of 10 microvolts through 1 kilovolt full scale 
input ranges for Null Detector operation. Also, selects 10 micro- 
volts through 1 kilovolt null sensitivity ranges for Differential Volt- 
meter operation. The "f and "V” positions allow monitoring of the 
current and voltage output of the Voltage Standard portion of the 
instrument. 


© 


RANGE switch 


Allows selection of one of three ranges (10, 100 and 1000 volts) for 
use in either Voltage Standard or Differential Voltmeter operation 
of the instrument. 


0 


TRIP switch and 
VERNIER control 


The TRIP switch provides a means of limiting the output voltage in 
three ranges (lO, 100, and 1000 volts) independent of the RANGE 
switch. The VERNIER control varies the amount of limiting within 
the ranges of the TRIP switch. When an over-voltage condition 
' exists, the red indicator lamp near the TRIP switch will Illuminate 
and the red lamp near the POWER switch will be extinguished. 


© 


CURRENT LIMIT control 


Provides a means of setting a limit on the magnitude of the output 
current within a range to 0 to 60 miliiamperes. An over-current 
condition is signified when the indicator lamp, near the CURRENT 
LIMIT control, illuminates. 


© 


VM AC COMMON terminal 


Provides optimum common mode rejection when connected to the 
GUARD terminal (13) for Voltage Standard operation. Provides 
minimum common mode voltage at the INPUT terminals (1), when 
connected to the -t terminal (10) for voltmeter operation. 






Power line ground. 




SENSE terminals 


Allows the regulating circuitry within the Model 335D to be connected 
directly to the OUTPUT terminals (12) or to the load for optimum 
regulation. 


© 


OUTPUT terminals 


Provides a convenient means of connecting the load to the output of 
the Model 335D. 


© 


GUARD terminal 


Provides a means of eliminating circulating ground cxirrents through 
the load, when properly connected. 


© 


Readout Dials 


Used to select the desired output voltage from the Voltage Standard 
portion of the instrument. Also, Indicates the value of an unknown 
voltage when used in conjunction with the Differential Voltmeter 
portion of the instrument. When a dial is set to ”X"(10), It repre- 
sents 0 with a 1 carry-over to the digit to the immediate left. For 
example: 10. X X X X X X represents 11. lllllO volts. 




Decimal Lamps 


These lamps indicate the proper decimal point setting when illumi- 
nated and are controlled by the RANGE switch. 




Meter 


Indicates the full value of a voltage applied to the INPUT terminals 
(1) when the INPUT MODE switch (4) is in the TVM position. When 
the INPUT MODE switch is in the DIFF-f or DIFF- positions, the 
meter indicates the difference between an unknown voltage at the 
INI’L'T terminals and the voltage indicated on the Readout Dials. 
The meter provides an indication of the output voltage when 



Figure 2-1. CONTROLS, TERMINALS, AND INDICATORS (Sheet 2 of 3) 
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REF. 

NO. 


NAME 


FUNCTION 


© 

(con't) 


Meter 


the SENSITIVITY (5) switch is in the ■'V” position. An indication of 
the output current may be determined from the red n^ter scale when 
the SENSITIVITY switch is in the 'T' position. 


© 


Mechanical Zero adjust 


Provides a means of setting the meter mechanical zero. Adjustment 
should be made after the ii^rument has been con^letely de-energized 
for at least 3 minutes. 




RECORDER OUTPUT 
terminals 


Terminals provided for the connection of a recordii^ instrument. 
The ^lack) terminal is connected to power line ground. 


© 


RECORDER OUTPUT 
ADJUST control 


Allows adjustment of the Model 335A/.335D recorder output level from 
0 to 1 volt, for an end scale deflection of the front-panel meter. 


@ 


Fuse, line 


A 3 ampere siow-blow fuse for 115 volt power line operation. Use a 
1-1/2 ampere slow-blow fuse for instruments converted to 230 volt 
power line operation. 




Fuse, high voltage 


A l/4^ampere slow-blow fuse electrically located at the output of the 
high voltage rectifier circuit. 



Figure 2-1. CONTROLS, TERMINALS. AND INDICATORS {Sheet 3 of 3) 



no degree of limiting is required within the ranges of 
the instrument, set the TRIP switch to 1000 and the 
VERNIER fully clockwise. Should some degree of limit- 
ing be desirable, proceed as follows: 



within the current range of the instrument is desirable, 
set the CURRENT LIMIT control to the fully clockwise 
position (60). Should some degree current limiting 
be desirable, proceed as follows: 



a. Without the load connected to the OUTPUT terminals 
and the POWER switch in the STDBY/RESET posi- 
tion, set the front -panel controls as follows: 



RANGE 

TRIP 



VERNIER 
CURRENT LIMIT 
INPUT MODE 
SENSITIVITY 
Readout Dials 



As desired 

To the lowest range that 
overlaps the desired trip 
voltage 
Fully cw 
As desired 

TVM 

V 

Desired trip voltage 



b. Set the POWER switch from the STDBY/RESET 
position to OPR. 

c. Slowly rotate the VERNIER control counter-clock- 
wise until the indicator lamp near the TRIP switch 
illuminates and the red lamp near the POWER 
switch is exUi^shed. The voltage trip is now set 
to the value indicated on the readout dials and the 
instrument is tripped to the STDBY mode. 

d. To reset the instrument, set the readout dials to a 
value less than the trip voltage and place the 
POWER switch in the STDBY/RESET posiUon, then 
to OPR. 



a. With the POWER switch in the STDBY/RESET posi- 
tion, set the front panel controls as follows: 



RANGE 

TRIP and VERNIER 
CURRENT LIMIT 
INPUT* MODE 
SENSITIVITY 
Readout Dials 



As desired 
As de^red 
Fully clockwise 
TVM 
I 

1 volt 



b. Place a short across the OUTPUT terminals. 



c. Set the POWER switch to the OPR position. 

d. Adjust the CURRENT LIMIT cortfrol until the cur- 
rent indicated on the meter is the value of the de- 
sired limiting current. 

e. Place the POWER switch in the STDBY/RESET. 
position. Remove the short. Current limiting is 
now set to the desired value for any output voltage. 

2-15 VM AC Common Connections 

2-16. For optimum common mode rejection, connect 
the VM AC COMMON terminal to either the GUARD or 
ground icrmina! with the shorting link provided. The decal 
on the rear of the instrument case ^lown in Figure 2-1 
illustrates tlsc proper connections depersding upon whether 
the instrument is operated as a voltage source or as a volt- 
meter. 



2-13. Current Limit Setting 

2-14. The CURRENT LIMIT control provides a means 
of limiting the amount of output current. If no limiting 



2-17. Sense Connections 

2-18. V^'hen a load is connected, there may be an 
appreciable voltage drop between the instrument and 
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the load due to the length and gauge of the connecting wire 
leads. The nomograph, in KigureJ*^ can be used to deter- 
mine the approximate voltage across the connecting wire 
leads. 

2-1^. Using the nomograph of I'igure Jl-Jt lay a straight 
edge from the value of the output current, represented on 
scale I, to the gauge of the connecting wires used, repre- 
sented on scale 2. The voltage across the connecting wires, 
expressed in millivolts per foot, is obtained from scale 
To determine the total voltage across the connecting wires, 
multiply the total length in feel by the value obtained from 
scale 3. For example, assume that two AWG #28 wires, 
each 3 feet long, are used to connect a load, requiring 50 
milliamperes, to the instrument. With a straight edge, 
connect the known current on scale I (50 ina) and the wire 
size on scale 2 (#28). The resulting IR drop on scale 3 is 
approximately 3.2 millivolts per foot. Therefore, the con- 
necting wires develop a total .voltage of 19.2 millivolts (2 x 
3ft X 3,2 mv/ft = 19.2 mv), which is several limes the pub- 
lished load regulation of the instrument at iOOO volts out- 
put. To compensate for this, the instrument is equipped 
with remote sensing, which maintains regulation at the 
load. Consequently, the foliage across the connecting wires 
wOl have no effect. Determine if the wire leads, used to 
connect the instrument to the load, will cause a voltage 
drop in excess of the load regulation specifications. If this 
voltage drop is excessive, remote sensing should he used. 
To prepare the instrument for rjCmotc sensing, proceed as 
follows: 

a. With the POWER switch set to OFF, or to STDBY/ 
RESET, remove the front-panel shorting links be- 
tween the SENSE and OUTPUT terminals. 

b. Using a twisted pair of insulated wires, connect 
the + SENSE terminal to the positive side of the 
load, and connect the - SENSE terminal to the neg- 
ative side of the load. 

caution; 

Insure that the SENSE terminals are con- 
nected to the load in the proper polarity. 
Incorrect connections will result in loss 
of regulation and possible damage to the 
instrument. 

2-20. Guard Connection 

2-21. When the instrument is connected to another in- 
strument (both instruments grounded through their res- 
pective power cords), a potential difference may exist 
between the power Line grounds of these two instruments. 
This potential difference can cause circulating ground 
currents, which could cause errors in the output voltage. 
To prevent these errors from occuring, the instrument 
is equipped with a guard. This guard, when properly 
connect^ to the load, will provide a separate path for 
the circulating ground currents; thus eliminating pos- 
sible errors in the output voltage. For proper con- 
nection, connect the GUARD terminal directly to the 
grounded side of the load, at the load. Figure 2-3 
illustrates the correct GUARD terminal connection and 
the rerouted circulated "ground current path. 



2-22. OPERATION AS A VOLTAGE STANDARD 

2-23. Operate the instrument in accordance with fol- 
lowing procedure: 

a. Set the voltmeter controls as follows: 

NULL ZERO OPR 

INPUT MODE TVM 

SENSITIVITY V 

b. Set the POWER switch in the STDBY/RESET posi- 
tion. Allow at least a 10 minute warm-up period, 
if the instrument has just been energized. 

c. Connect the SENSE terminals to the OUTPUT ter- 
minals with the shorting links provided. 

d. Set the CURRENT LIMIT control fully clockwise 
(60) or to a predetermined value, using the pro- 
cedure of paragraph 2-13. 

e. Set the RANGE switch to the desired output voltage 
range (10, 100, or 1000). 

f. Set the voltage TRIP and VERNIER controls fully 
clockwise or to a predetermined value, using the 
procedure of paragraph 2-11. 

g. Set the readout dials to the value of the output volt- 
age desired. 

h. Connect the VM AC COMMON terminal to the 
GUARD terminal with the shorting link provided. 
If desired, connect the GUARD terminal to the 
grounded side of the load in accordance with para- 
graph 2-20. The SENSE terminals may remain 
connected to the OUTPUT terminals. Should remote 
sensing be desired, connect the SENSE terminals 
to the load in accordance with-paragraph 2-17. 

i. Connect the load to the OUTPUT terminals. 

j. Set the POWER switch to the OPR position. 

k. The output voltage provided to the load will be the 
voltage indicated on the readout dials. Should it 
be desirable to monitor the output voltage or cur- 
rent, place the SENSITIVITY switch in either the 
V (voltage) or I (current) position. 

2-24. OPERATION AS A HIGH IMPEDANCE 
VOLTMETER OR NULL DETECTOR 

2-25. Use the following procedure for operating the 
inslniment as a high impedance voltmeter. Since it 
incorporates a center-scale zero meter, the instrument 
may also be used as a null detector. In this applica- 
tion. the following procedure also applies. 

a. Set the VOLTAGE STANDARD controls as follows: 

RANGE 10 

TRIP 10 
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Figure 2-2. NOMOGRAPH OF VOLTAGE DROP ACROSS LOAD WIRES 
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t. 

V. 




CASE 




leakage resistcmce & capacitance Rq ~ Output resistance of 335i- 

from chossis to guord, 

= Lood resistarre 

Leakage resistcmce & capacitance 
from guard to instrument case. 

Potential difference between power 
line ground points. 



WHERE: Rj & Cj r: 
R2&C2 = 

Ec = 



Figure 2-3 GUARD CONNECTION 




VERNIER Fully clockwise 

CURRENT LIMIT Fully clockwise 
Readout Dials All zero 

b. Set the NULL DETECTOR controls as follows: 

NULL ZERO OPR 

INPUT MODE TVM 

SENSITIVITY 1 KV 

c. Connect the VM AC COMMON to the ground ter- 
minal with the shorting link provided. 

d. Set the POWER switch to the STDBY/RESET posi- 
tion. 

e. Connect the voltage source to the INPUT terminals 
of the Model 3351), 



adjusted. Set the NULL ZERO switch to the ZERO 
position and the SENSITIVITY switch to the 10 uv 
position. Rotate the ADJUST control until the 
meter indicates zero. After the adjustment has 
been completed, return the SENSITIVITY switch 
to its original position; then set the NULL ZERO 
switch to the OPR position. 



2-26. OPERATION ASA DIFFERENTIAL 
VOLTMETER 



2-27. To operate the instrument as a differential volt- 
meter, proceed as follows: 

a. Set the front-panel controls as follows; 



f. Set the SENSITIVITY switch to the highest sensi- 
tivity range that will allow an on-scale deflection. 
As indicated on the meter, a deflection to the left of 
zero represents a negative Input voltage; whereas a 
deflection to the right of zero represents a positive 
input voltage. 

g. When using the higher sensitivity ranges (1 mv, 
100 uv, or 10 uv), the electrical zero should be 



POWER 
NULL ZERO 
INPUT MODE 
SENSITIVITY 
RANGE 
TRIP 
VER1>JIER 
CURRENT LIMIT 
Readout Dials 



STDBY/RESET 
OPR 
TVM 
1 KV 

As desired 
1000 

Fully clockwise 
F,uiiy clockwise (60) 
All zero 
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b. Cixinect the VM AC COMMON terminai to the grouml 
terminal with the shorting link provided. 

c. Set the POWER switclUo the OPR position. 

d. Connect the external voltage source to the INPUT 
terminals. 

e. Use the instrument as a high impedance voltmeter 
to determine the approximate value of the unknown 
input voltage. Adjust the PANGE switch and Read- 
out Dials, such that this value is indicated on the 
front-panel readout. 

f. If the front-panel meter indicates to the right (■»■) 
side of zero, set the INPUT MODE switch to DIFF-f. 
If the front-panel meter indicates to the left (-) side 
of zero, set the INPUT MODE switch to DIFF-. 

g. Adjust the readout dials for a null (zero) indication 
on the front-panel meter. Set the SENSITIVITY 
switch to successively more sensitive positions 
while adjusting the Redout Dials for a null indica- 
tion on the front-panel meter at each setting. 

h. Check and adjust, if necessary, the meter electrical 
zero in accordance with paragraph 2-25, step g. If 
an electrical zero adjustment was necessary, re- 
adjust the Readout Dials for a null indication on the 
front-panel meter. 

i. The value of the voltage indicated on the front panel 
readout is that of the external voltage source. 



NULL ZERO 

INPUT MODE 

SENSITIVITY 

RANGE 

Readout Dials 

TRIP 

VERNIER 

CURRENT LIMIT 

Terminal 

Connec^ons 



OPR 

DIFF+ 

1 

10 

1.0 0 0 0 0 0 
1000 

Fully clockwise 
Fully clockwise (60) 
See Figure 2-2 (b) 



b. ( onncLt (he recorder to the RK.ORDKR OUTPUT 
terminals at the rear panel. The recorder outputs may 
be floated up to 100 volts dc above ground. 

c. Short the HI and LO INPUT terminals. 

d. Set the POWER switch to the OPR position. 

e. The front-panel meter should indicate full scale 
to the left of zero (-1). This full-scale deflection 
will allow up to 1 volt at the RECORDER OUTPUT 
terminals, depending upon the setting of the RE- 
CORDER OUTPUT ADJUST control. 



f. Adjust the RECORDER OUTPUT ADJUST control 
to provide the desired recorder deflection for the 
full scale front -panel meter deflection. 



2-28. OPERATION WITH A RECORDER 

2-29. To use the instrument with a recorder for meas- 
uring a voltage or voltage excursions, proceed as fol- 
lows: 

a. Set the front-panel controls as follows: 

POWER STDBY/RESET 



g. Set the INPUT MODE switch to the TVM posiUon 
and remove the short from the INPUT terminals. 

h. Set the SENSITIVITY switch to the 1000 volt posi- 
tion. 

i. Connect the voltage source to be measured to the 
INPUT terminals and operate the instrument as 
either a differential voltmeter (paragraph 2-26) or 
high impedance voltmeter (paragraph 2-24). 
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Section 3 



3-1. INTRODUCTION 

3-2. The Mode! 335D unites u precisi(nt voltage standard 

and higit impedaitce voltmcter-rinl! detector in one ciiassis. 
In addition to using the volnneter-nu!: detector and volt- 
age standard separately, they must be combined to func- 
tion as a differential voltmeter. !low it accomplislics liicsc 
functions will be described in this sectKin. Use ti\c text in 
conjunction with the functional schematic diagrams at llu 
end of this manual. Paragraphs 3-3 and 340 describe (he 
voltage standard and voltmeter functions, respectively. 

3-3. VOLTAGEj STANDARD FUNCTION 

3-4. General 

3-5. The voltage standard portion is u series regulated 

power supply basically consisting of the voltage c-'iuroi 
circuitry, prc-rcgulation circuitry, and protection circuitry, 
The voltage control circuits are the main regulation circiii!.s 
and respond to load. RANGl:, and readi^ui dial changes, 
Figure 3-! liiuslrales a simplified schematic diagtain ot 
the voltag. control circuitry. Both the error amplifier and 
scries pass ' nein, illustrated in the shaded [nuiton. 
constitute .. dc operational amplifier, Tlic tendency 
of the opctaiiunal ampiifiei is to maintain the :;n. inning 
point effectively at + SHNSE: potential, in tins condition 
till' lUiijiiii Visltaee of llie vnilage standard o eiju.'!! tiir 
ratio ol the sample string resistance . I ) to 

the range resistance limes the refereiro voii 

afie as illustrated in l igsiu t • Hie 



con.',iant reference voltage (Erep£R£]sJCE^’ combina- 
tion with the appropriate series resistance (I^raNGE^’ 
provides a constant current to the sample string. Due to 
(he constant current, the output is proportional to the 
rcsi.stance of the sample string 

tendency of the operaiionaJ amplifier is to maintain the 
summing point at + SENSE potential, tlie output voltage is 
equal to (he sample string voltage. Changing the setting of 
the readout dials (sample string) causes the output voltage 
to change correspondingly. Bach change in the RANGE 
switch setting causes the, constant current to change by a 
factor of 10; thus tiic output voltage changes by the same 
factor. A detailed block diagram is illustrated in the 
Functional Block Diagram (335A-1500), following Section 
5. It! this diagram, the chopper amplifier, diffcrcniia! am- 
plifier, and series pass driver constitute ilte err'” amplifier 
of Figure .3-1 , 

3-6. Senes regulated power supplies have (he inherent 
disadvantage of low efficiency. When providing a low 
level output, the series pass element of the supply must 
dissipate the bulk of the power supplied by the liiglt volt- 
age transformer circuit. A unijunction oscillator circuit 
monitors the voltage across die series pass element and 
provides voltage level information to a pre-regulation 
circuit. Ttic pre-rcgul:.'tion circuit utilize;, tltis m.f'rma- 
tion to provide full-wave phase control of the input 
line voiiagc jhc primary of the higlt voltage irans- 
loimci. ■'‘i.,!-. tlie power supplied by the ingh voltage 
transformer is coudolicd to provide only that amount' 
necessary for the load requirements. This m turn increases 
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the ovcrji! ciTicicncy of the inslrument. This also accounts 
for symboli/.ing the unregulated dc voltage, in i'igure 3-S. 
as a variable dc voltage. 

3-7. Circuitry for protection of personnel as well 
as external equipment, is contained in the instrument. 
The instrument contains an interlock system to dc- 
cncr^ze the higli voltage circuits within (he instrument 
for personal safety. A limit may be set for the output 
voltage and/or current. Whenever the output voltage 
or current tries to exceed the set limits, llic instrumciu 
output is de-energized. Therefore, sensitive cxicrnaJ equip- 
ment can be protected from excessive voltage and current. 

3-8. Voltage Control Circuitry 

3-9. REFERENCE CIRCUITS. The basic reference 
voltage for the instrument is supplied by zencr diode 
CRI402. This diode is located in a proportionally con- 
trolled oven on the Reference P/C A5A1 Assembly, 
(332B/AF-1083). . Current through the reference zener 
diode is maintained constant current source consisting of 
Q140I, CR1401, RI403, and Ri. These components, 
except for Rl, are also contained in the oven assembly for 
environmental stability. 

3-10. A constant temperature is maintained in the 
proportionally controlled oven by .the temperature regu- 



lating circuitry, located on the Reference Supply P/C 
Assembly (A5AI). flie tcmpcuitiire regulator cttciiilry 
consists of a dirferentiai amplifier (Q3 and 04), a Darlington 
amplifier (Q1 and Q2), and associated circuitry. One input 
to (he differential amplifier, the base of Q3, isconncclcd to 
common. Consequently, the output current from the 
coilector of 03 is proportional to the current into the base 
of 04. The temperature cocfnctciK of RI402 is ncgafivc. 
Therefore as temperature decreases, the current into the 
base of Q4 increases, which increases (he base drive ofQ2, 
The increased current into (lie base of Q2 incrcasc.s the con- 
duction of both Q2 and Ql, which increases the current 
through tlic healer (R140I). Because of (he Darlington 
configuration of Ql and 02, a small cliangc in current 
into ihc base of 02 results in a significant change in 
'.current through R1401; thus providing close regulation 
ol the oven temperature. 

3-M. The consiaiU output voltage from the reference 
/ener diode is applied to the Range Calibration P/C 
Assembly (332B/AF-1052).This assembly provides three 
output ranges. The /.ener reference diode provides a con- 
stant voltage of approximately 6.3 volts. Tlus voltage is 
reduced by Rl, calibration adjustment R2, and R3 to 6.02 
volts. Resistors R9 and RIO provide a 1 miiliampere cur- 
rent for the 1000 volt range. Resistors R7 and R8 provide 
a 0.1 miiliampere current for the 100 volt range. Resistors 
K4, K5, and provide a 0.01 miiliampere current for the 
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10 volt range. One of the three constant currents is select- 
ed and supplied to the sample string, depending upon the 
position of the RANGE switch, 

3-12. The Sample String P/C A2 Assembly is a resistance 
string whose value is controllable by lire front-pane! readout 
dials. The resistance of the sample string is such that the 
constant current throu^ it develops a voltage equal to the 
value set on the readout dials. 

3-13. CHOPPER AMPLIFIER. The voltage at the 
summing junction is applied ihrougli pin 5 to the junction 
of Rl and R4 on the Differential Amplifier A5A3 P/C 
Assembly (335A-I057). One path is provided for dc changes 
through Rl and pin 6 to the input of the Chopper 
Amplifier (A5A4) P/C A^mbly, (333A-1004). The other 
path is for ac changes through the differential amplifier 
circuitry to be described later. The chopper amplifier 
compares the summing point voltage to the + sense voltage 
and provides an amplified dc error signal proportional to 
the difference. The + sense voltage is applied through a 
divider network, consisting of R7 throu^ R12 located on 
the Reference Supply A5A1 P/C Assembly (332B/AF- 
1083), at pin 5. This network provides ah internally ad- 
justable dc bias to the chopper amplifier for compensation 
of offset voltages, when the instrument is set to zero input. 

3-14. CHOPPER AMPLIFIER. The A5A4 Chopper 
Amplifier (333A-1004) compares low frequency and dc 
control signals from the A2 Sample String output to the + 
SENSE terminal voltage and amplifies any difference. The 
circuitry consists of an input filter, a MOSFET chopper, an 
operational amplifier, a synchronous demodulator, an out- 
put filter, and a multivibrator. 

3-1 5. Low frequency and dc control signals at terminal 6 
are passed througli the input filter C2, Rl, and C3 to reject 
frequencies above 30 Hz. The MOSFET chopper 01 modu- 
lates the signal appearing at the junction of its drain and 
R2. C4 couples the resultant to the gate of JFET Q2. The 
output signal at the dram of Q2 is then amplified by the 
operational amplifier ICl, which has a gain of approx- 
imately 420. The paraphase amplifier Q3 amplifies the 
output of ICl and provides two equal amplitude, but 
180° out-of-phase signals. Tlie collector signal of Q3 is 
coupled by ClO to the shunt demodulator 04. The result- 
ing demodulated signal appearing at the junction of C!7 
and R24 is filtered by R24, R26 and C 18, leaving only the 
amplified dc and low frequency signals. The emitter 
signal of Q3 is applied througli C14, R21, CIS, R25,R23, 
and C22 to Cl 8, where it is used to cancel any chopper 
ripple at 270 Hz. 



3-16. The 270 Hz multivibrator is formed by Q6, Q7 
and associated timing networks, in addition to a driver Q5. 
Variable resistor R43 adjusts the level of the signal applied 
to the driver QS, and subsequently the output signal applied 
to the gate of Ql. The collector signal of Q5 is applied tp 
the drain of Ql to compensate for spikes coupled between 
the gate and drain. Variable resistor R34 provides adjust- 
ment of the compensation signal. An output signal at the 
collector of Q7 is applied to the base of Q4, which syn- 
chronously demodulates the Chopper Amplifier output. 

3-17. DIFFERENTIAL AMPLIFIER. Errpr signals, in 
the form of ac changes, arc applied to the differential 
amplifier through Cl to the^gate of Field Effect Tran- 
sistor (FET) Q2, Error signals appearing as dc changes 
are applied to the chopper amplifier at the base of Q6. 
Using a separate path for ac changes allows rapid regu- 
lation of the output voltage for rapid changes in load 
requirements. The Differential Amplifier P/C Assembly 
provides an output that is proportional to the amplified 
dc error signal from the Chopper Amplifier P/C Assembly. 

3-18. Use of a Field Effect Transistor for Q2 provides 
high input impedance and low noise. Transistor Q8 is 
a current source for one stage of the differential ampli- 
fier. Use of the current source provides high gain and 
good common mode rejection at the input of the ampli- 
fier. Tire compound configuration of Q4-Q5 and Q6-Q7 
provides high input impedance and minimizes tempera- 
ture effects. The output signal from the collector of Q9 
is applied to the base of the common collector ampli- 
fier Qll. Transistor Ql 1 provides impedance matching 
between the higli output impedance of Q9 and the low 
input impedance of the series pass driver circuit. 

3-19. SERIES PASS DRIVER. The Series Pass Driver 
A5A2 P/C Assembly (335A-I056), accomplishes two func- 
tions, One function is to de-energize the output in the case 
of an overvoltage or ovcrcurrent condition, which .wOl be 
described later. The other function is to provide sufficient 
drive current for error signals 'to the series pass element. 
Transistors 05, Q6, Q7 and associated circuitry constitute 
the driver portion. Transistor Q7 is a common-base ampli- 
fier which provides part of the voltage gain necessary for 
control of the series pass clement. Current gain is provided 
by common collector amplifiers Q6 and Q5. The output 
of Q5 IS applied to the main scries pass transistor Q8, on 
the Serks Pass Element A8A1 P/C Assembly, (332B/AF- 
1061). 

3-20. SERIES PASS ELEMENT. The series connection 
of transistors Ql througli Q8 constitute the series pass 
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cicmciU. This cienicnl is localcd on tlic Sctics Pass 
A8A1 P/C Assembly (332B/AF-I061). Transistors 01 
througli Q7 arc normally saturated by the base voltage 
supplied by the 150 volt power supply. Consequently, 
the entire voltage drop required for regulation is across 
Q8. Should the OUTPUT terminals be shorted or should 
the instniinent be rapidly down-ranged, the voltage across 
Q8 may exceed 150 volts. Should this occur, transistors 
Q1 througlt Q7 will come out of saturation to sliarc the 
voltage drop. The pre-regulator circuitry (paragraph 3-2.5), 
sensing the increased voltage across Q8, decreases the un- 
regulated supply voltage. As soon as the voltage across Q8 
decreases below !50 volts, Ql througli Q7 become biased 
to saturation and Q8 absorbs the entire regulation voltage, 

3-21. POWER SUPPLIES, Operating voltages for the 
temperature regulating circuit, zencr reference circuit, 
chopper amplifier, and differential amplifier arc provided 
by the Auxiliary Power Supply A5A5 P/C Assembly 
(335A-1059). The auxiliary power supply consists of the 25 
volt supply and -15 supply circuits. The auxiliary supply 
reference element is located in the 25 volt supply. The out- 
put of the 25 volt supply is then used as the reference for 
regulation of the - 1 5 volt supply. 

3-22. In the 25 volt supply. CRl thumgh C'R4,C2, R4, 
and C3 provide unregulated dc voltage to the regulation 
circuitry consisting of Q2 through Qb- Transistors Q5 and 
Q6 constitute a differential ainplificr. The base of Q6 is 
held at a constant voltage by zcnct diode CR6. Tire base 
of Q5 is connected to a voltage divider, consisting of R8, 
R9, and RIO, referenced to the output of the supply. 
Variations in the +25 volt output of the supply are scn.sed 
at the base of Q5. Any difference between the base volt- 
ages of Q5 and Q6 is amplified by the differential pair and 
applied from the collector of Q5 to the base of series pass 
driver Q3. The amplifier error signal controls the conduc- 
tion of Q3, whiclr in turn controls the series pass element 
Q4. Transistor Q2 is a constant current source to supply 
base drive to Q3, 

3-23. In the - 15 volt supply, CR7 through CR 10. RI4, 
and C8 provide the unregulated dc voltage to (he regu- 
lating circuit consisting of series pass element 07 and 
differential pair 08 and Q9. The base of Q9 is connected 
to a voltage divider referenced to the +25 volt supply out- 
put. The base of Q8 is connected to the positive side of the 
— 15 volt supply. Variations in the output voltage arc 
sensed at tire base of-Q9. Any difference between tisc 
base voltages of 08 and Q9 is amplified by the differential 
pair and applied from the collector of QH to the base of 
series pass element Q7. The amplified error signal cuniiols 



the conduction ol 07 and consequently the magtiilude of 
the imtinil voltage. Tlic positive side of the 15 volt 
Mipj>ly is connected to the negative side of the +25 volt 
supply ihiougli pins I 1 and 1 2. 1 he + sense line is conitcct- 
cd to this junction and is llic common for the auxiliary 
power supply. 

3-24. The +.35 volt operating voltages for the series 
pass driver circuitry, on the Series Pass Driver A5A2 P/C 
Assembly, is provided by a power supply located on the 
Current Limiter A5A(> Assembly (335A-1060). In the 
diode bridge configuration of CRi through CR4, diodes 
CRl and C R2, R1 and Cl provide a positive unregulated dc 
voltage. Diodes CR3 and CR4, R4, and C’4 provide negative 
unregulated dc voltage. The positive unregulated dc voltage 
is applied to the regulating circuit of 01 and CR5 and 
througli a voltage divider to the RANGE switch, for appli- 
cation to the appropriate decimal lamp. The 36 volt 
reference voltage, established by CR5, provides the input 
signal for the emitter follower configuration of Ql. This 
emitter follower configuration provides the necessary low 
output impedance and power gain of the power supply. 
The - 35 volt supply functions in the same manner as the 
+35 volt supply. 

3-25. Pre-Regulation Circuitry 

3-26. OSCILLATOR. A unijunction oscillator, con- 
srsling of Q9 and associated circuitry, is located on itic 
Senes Pass Element A8A1 P/C Assembly (332B/AF- 1 06 1 ). 
Applied to base 2 of Q9 is a 6.8V clipped, full-wave 
rectified, 60 11/ sine v,'ave. The potential at the emitter of 
09 depends uiion the charge of ('4 and C5. T!ic charge of 
C5 depends upon the voltage across the main series pass 
element, Q8. At the trailing edge of each pulse at the base 
2 ol 09, the oscillator provides a series of positive pulses 
until the leading edge of the next +6.8 volt pulse occurs, 
Witli an increased charge across C'4 and C5. the mjlial out- 
put pulse of iltc oscillator will occur earlier in each half 
cycle. 1 he initial pulse fiom the oscillator during cacii half 
cycle will switch the preregulalor off (o controi the amount 
of line power sujjplicd to the high voltage transformer, If 
the series pass element voltage of Q8 increases, the pre- 
regulator is .switched off earlier in each haifcycie. This, in 
turn, reduces the series pass ciement voltage of QB to its 
equilibrium value. 

3-27. The +6.8 volt operating voltage for the oscillator 
Circuit is taken front the +150 volt supply for the senes 
pass element. A portion of the +!50 volt supply is applied 
to the voltage divide! consisting of R! through R3, The 
divided down voltage is regulated by /oner diode C’R6 to 
approximately +6,8 volts. 
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3-28. PRE-REGULATOR. The series of unijunction 
pulses are coupled across A8T1 to the input of the pre- 
regulator on the Pre-Regulator A8A2 P/C Assembly (3328/ 
AF-1082). At the beginning of each 60 Hz half cycle, Q5 is 
turned on by the positive going +V voltage, through R17 
and L2. Conduction of Q5 saturates Q4,Q2,andQl (pre- 
regulator control transistor). Conduction of Ql allows 
current to flow in the primary of the high voltage trans- 
former. Sometime, during each half cycle, the initial 
pulse from the unijunction oscillator will trigger the re- 
generative pair (Q6 and Q7) into saturation. With Q6 and 
Q7 conducting, Q5, Q4, and Ql turn off and remain off as 
Q6 and Q7 are conducting. Transistors Q6 and Q7 remain 
conducting until the end of each half cycle. At this time, 
the current through them automatically drops below the 
regenerative valve, due to the zero crossing of the full-wave 
rectified 60 Hz sine wave voltage (-V) at the emitter of 
Ql. Therefore, transistor 01 is held off for the remainder 
of the half cycle. This limits the amount of power to the 
high voltage transformer and reduces the power dissipation 
requirements for the scries pass element. 

3-29. Operating voltages for the pre-regulator circuitry 
are provided by the diode bridge configuration of CRl 
through CR4, Diodes CR2 and CR4 provide a negative full- 
wave rectified voltage for -V. Diodes CRl and CR3 
provide a positive full-wave rectified voltage for +V. A 
portion of the +V voltage is filtered by C4 and C5 
to provide the +10 volt supply voltage. Diode CR5 serves 
to isolate the +V voltage from the filter capacitors. 

3-30. Protection Circuitry 

3-31. TRIP. The purpose of the trip circuit is to re- 
move ac power from the primary of the voltage 
transformer and open the negative output path, if an 
overvoltage or catastrophic overcurrent condition exists. 
The trip circuitry is located on the Series Pass Driver A5A2 
P/C Assembly (335A-1056). Transistor 03 is a constant 
current source for relays A8K1 and A8A2K2. With 
A8A2K2 (on the Pre-Regulator P/C Assembly) closed, cur- 
rent is provided to A8A2KI which completes the primary 
circuit for the high voltage transformer. With relay A8K1 
(on the High Voltage Motherboard P/C Assembly) closed, 
the negative output path is completed and power may be 
supplied to the load. The current sensing resistor, R22, is 
effectively connected through R24 to the base of normally 
off Q4- In the event of a catastrophic failure, in which the 
current limiting circuitry would not function, an excessive 
current approaching 120 milliamperes would develop suffi- 
cient voltage across R22 to turn on Q4. Because of the 
regenerative configuration, transistors Q4 and Q2 would 



become saturated. With Q2 saturated, the potential at 
pin 10 becomes nearly the same as' the positive buss 
potential. This bypasses the current away from the relays, 
which causes them to open. With the relays open, the 
OUTPUT terminals are de-energized, the input power to the 
higli voltage transformer is interrupted, and the OPR indi- 
cator lamp goes out. To reset the instrument, the POWER 
switch is placed in the STDBY/RESET position; then to 
the OPR position once the cause of the overload has been 
corrected. With the POWER switch in the STDBY/RESET 
position, the circuit common is connected through a section 
of the POWER switch and pin 10 to the emitter of Q2. 
This results in turning off both Q2 and Q4, and thus re- 
turning them to their original state. 

3-32. The overvoltage trip element is Ql. The base of 
Ql is connected to RI5 and the appropriate resistor 
selected by the TRIP switch. The voltage trip point is 
selected by the VERNIER control (R5), which sets a refer- 
ence bias on Ql (maintaining Ql cut off). As the output 
voltage increases, the voltage at the base of Ql increases 
negatively until it exceeds the selected trip voltage and 
causes Ql to conduct. The conduction of Ql saturates Q2 
and results in de-energizing the instrument output terminals, 
as previously described. 

3-33. CURRENT LIMIT. The current limit circuitry, 
located on the Current Limiter A5A6 P/C Assembly (335A- 
1060), provides a means of varying the limiting point of the 
output current. Current sensing resistor R22, on the Series 
Pass Driver A5A2 P/C Assembly, provides a voltage to the 
current limiter circuit that is proportional to the output 
current. This vohage is applied througli pin 10 and CR12 
to the base of Q5. The emitter of Q5 is connected to the 
wiper of the CURRENT LIMIT control (R6), which pro- 
vides a variable bias for the base-emitter junction. Tran- 
sistor Q5 is normally off, However, when the output 
current exceeds the set limit, Q5 turns on. Conduction of 
Q5 causes both Q4 and Q3 to conduct. Conduction of Q3 
causes Ql, on the Differential Amplifier P/C Assembly, to 
conduct and bypass some of the sample string current. 
This causes the output voltage to be reduced and conse- 
quenfiy the output current is reduced. The conduction of 
Q3 also turns on the regenerative pair, Q6 and Q7, which 
supply current to the red indicator lamp. 

3-34. INTERLOCKS. The instrument is equipped with 
an interlock circuit for personnel safety. When either the 
top or bottom inner covers or printed circuit Assemblies 
A8A2, A8, A8A1, A5A1, A5A3, A5A4, A5A5, or A5A6 
are removed, the ground return for the A8K1 and A8A2K2 
relays is opeitcd. This results in removal of the input power 
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to the high voltage transformer (Tl) and opens the negative 
output side of the instrument. 

3-35. TIME DELAY. The purpose of the time delay 
circuit, located on the Time Delay A7 P/C Assembly 
(332A-1020), is to provide a short interval for the auxiliary 
voltages to rise to nominal value. This insures that the 
control amplifiers are operating before the higli voltage is 
available. The time delay circuit momentarily holds open 
relays ASK I and A8A2K2, which prevents the closure of 
A8A2K1. The time delay is approximately 3 seconds. 
Diodes CRI and CR2 provide a full-wave rectified voltage 
from a secondary winding of the power transformer be- 
tween pins 20 and 22. When the POWER switch is in the 
STDBY/RESHT position, a small current fiows through 
R200I, Sic, K2001, R2004. and C2001. This current, 
althougli too small to actuate K200I, charges C2001 . Cap- 
acitor C2001 charges until it reaches the firing point of 
Q2001, approximately 2 to 3 seconds. At this point A2001 
conducts, increasing the current through K2001. The relay 
actuates and closes contact K2001A (which provides the 
current path when the POWER switch is in the OPR posi- 
tion)and opens contact K2001B. Wlien K2001B opens, the 
grounding circuit is removed from the constant current 
source supplying A8KI and A8A2K2, and these relays are 
allowed to actuate. 

3*36. Miscellaneous Circuitry 

3-37. OUTPUT CIRCUIT CURRENT SOURCE. in 
addition to the main high voltage bridge rectifier, CR] 



tliiougli CRIO on the lli^i Voltage Motherboard AH P/C 
Assembly (335A-1063), is another high voltage bridge (CR 
13 Ihrougli CR20), This bridge rectifier is in series with R27 
and R28 and (onus a quasi-constant current source, 
connected in opposition to the output of the instrument. 
This current Hows througli the scries pass transistors and 
acts as a minimum load to insure that their Iransconductuncc 
is held above a minimum value. Another purpose of the 
quasi-constant current source is to provide a quick discharge 
path for the output capacitor ( l.wlicn dowiiranging. This 
helps to reduce the settling lime. 

3-38. CAPACITOR SWITCH. The capacitor swiidi cir- 
cuitry is located on flic Capacitor Switch A3 P/C Assembly 
(335A-1092). When downranging from 1000 volts, capac- 
itor C4 (on the chassis) will (end to charge to a voltage level 
proportional to tltc difference between the charge on C5 
and the parallel combination of the output capacitors C! 
and C2. If this difference is too great, C4 will receive a 
charge of sufficient magnitude to cause a dielectric absorp- 
tion problem; thus excessive scuiing lime will result. (Di- 
electric absorbtion is the tendency of (he dielectric 
material of the capacitor to absorb and retain a small 
charge). To prevent this occurrence, C5 is discharged 
tluougii R7 (on A3) when the RANGE switch is down- 
ranged from iOOO volts to 1 0 to 100 volts. In doing so the 
decay rate of C5 and liic parallel combination of Cl and 
C2 will be equal; tlius C4 docs not receive an over charge. 
After C5 lias disciiargcd sufficiently (several seconds), the 
K 1 A contacts (on A3) close and parallels the low resistance 
of R6 with R7. This essentially shorts C5 and returns the 
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Figure 3 3. VOLTMETER FUNCTIONAL BLOCK DIAGRAM 



loop gais\ to the required amount. The capacitor switcli 
circuitry is responsible for allowing a time delay before 
closing the KIA contacts. Wljen downranging from iOOO 
volts, C 1 is charged by the +35 volt supply through R2 and 
Rl. After several seconds. Cl accumulates a sufficicm 
charge to cause Q1 to conduct. Conduction of 0 ! cnergi/es 
relay K1 whicii closes the K 1 A contacts, 

3-39. CROWBAR CIRCUIT. If die output voltage was 
suddcntly turned to zero with a load connected to the instru- 
ment, the voltage across the filter capacitors C I , C2, and C3 
(located on the Higli Voltage Motlierboard P/C Assembly. 
A8) would appear across the series pass transistors. This 
voltage could damage the scries pass transistors. To protect 
the series pass transistors from this kind of damage, a 
“crowbar” circuit is utilized. (The temi “crowbar” is de- 
rived from the use of such a device to discharge large capaci- 
tor banks in transmitter power supplies). The “crow'bar” 
circuit consists of transistor 010 and associated circuitry on 
the Series Pass Element P/C Assembly, AS.Al, Also, relay 
K2 on tlie Higli Voltage Motherboard P/C Assembly, A8. 
Wlicn the voltage across the series pass element reaches 
approximately 225 v(riis, transistor 010 conducts. Since 
lelay K2 is in the colU'ctoi circuit ol OH), llic relay is 



energized and closes the K2A contacts, With the K2A 
contacts closed, a discharge path through R15 is provided 
for the niter capacitors. 

3-40. VOLTMETER FUNCTION 

3-41, General 

3-42. BASIC VOLTMETER OPERATION. The volt- 
meter section may be operated as cither a high impedance 
voltmeter, mill detector or differential voltmeter. A sim- 
pliftcd schematic diagram of the basic voltmeter operation 
is illustrated in Figure 3-2. When operated as a high impe- 
dance voltmeter of null detector (INPUT MODE switch in 
TVM), the input divider is connected directly across the 
INPUT terminals (Hi and LO), In this configuration, the 
front-panel meter indicates the ful! value of the unknown 
voltage applied to the INPUT terminals. For differentia! 
voltmeter operation, the INPUT MODE switch is placed in 
the D1FF+ position. This places a variable precision refer-* 
cncc voltage in series with the input divider across the IN- 
PUT terminals. The polarity of the reference voltage must 
be sucii as to oppose that of the unknown voltage. The 
voltage diffcicitcc between the unknown voltage and that 
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of the rclcrcnco voilagc is dispbyeci by the froiit-paiid 
meter. Wlien the meter indicates a /.ero volt difference, the 
reference voltage is equal to the unknown voltage. The 
Voltage Standard section provides the prccisum voltage re- 
ference needed for tltc differential voltmeter nude of oper- 
ation. When the meter indicates a /.ero voltage difference 
between the voltage standard and unknown voltage, the 
readout dials display the exact value of the unknown volt- 
age, with the specified accuracy. 



343. BLOCK DIAGRAM ANALYSIS. A detailed block 
diagram of ilic voltmeter section is illustrated in Figure 3-3. 
The voltmeter section basically consists of the input cir- 
cuitry, Null Detector Amplifier A6A2 P/C Assembly, Null 
Detector Power Supply A6AI P/C Assembly, and the in- 
dicator circuits. 



344. The input circuit divider provides a reduced dc 
voltage to the Null Detector Amplifier P/C Assembly. 
In TVM operation, the divider provides a reduced dc volt- 
age proportional to the dc input voltage. In DIFF ± opera- 
tion, the divider provides a reduced dc voltage proportional 
to the difference between the input voltage and tlic voltage 
indicated on the readout dials. This proportional voltage is 
then chopped at an 84 \\z rate by a photo-chopper circuit 
on the Null Detector Amplifier P/C Assembly. Magnitude 
and polarity informatiiin is contained in the amplitude and 
phase, respectively, of the cliopped signal. This chopped 
signal is then applied to a higli input impedance ac ampli- 
fier whose gain is controlled by the resistance sciccicd by 
the SENSITIVITY switch. Demodulation of the amplified 
signal is accomplished by the synchronous demodulator. 
The demodulator reconstructs the amplified dc level and 
polarity information and applies it to a fixed gain dc ampli- 
fier. A portion of the dc amplifier output is fed back to (lie 
input of the Null Detector Amplifier to control ll>c overall 
amplifier gain. The other portion of the dc amplifier out- 
put is applied to the isolation amplifier, located on the 
Null Detector Power Supply A6A1 P/C Assembly. Here the 
dc. signal is again modulated at 84 Hz. coupled across an 
isolation transformer, demodulated to reconstruct dc level 
and polarity information, and applied to the meter and 
recorder output terminals. In the TVM position of the 
INPUT MODE switch, the meter will indicate the full value 
of the applied dc input voltage. In the D1FF+ and DIFF- 
positions, the meter will indicate the difference between 
the applied dc input voltage and the voltage set on the 
front-panel readout dials. In either case, tlie full scale 
sensitivity will be that indicated by the position of the 
SENSITIVITY switch. 



3-45. Circuit Descriptions 

346. NUl.l. Di.I'IT’lOK POWl.K SUPi’LY. The Nuii 
Uclcclor I’owei Siipiily A6AI P/C Assembly consists of the 
84 ! !/ mullivihiator, multivibrator power supply, + 15 volt 
power supply, and isolalion amplifier. Refer to Schematic 
335A-1053 for the following circuit descriptions. 

347. The multivibrator power supply consisting of 
bridge rectifier CR I ihrougli CK4, filler Rl-CI,and regula- 
ting element CR5 is driven by a secondary winding of 
power transformer T1 between pin.s II and 12. The 17 
volt rms signal is rectified, nitcrcd, and regulated to provide 
a 10 volt dc operating voltage for the 84 Hz multivibrator, 
The 84 Hz multivibrator consists of 0l and Q2; frequency 

^determining elements C2, R2, R3, and frequency adjust- 
ment R4: and the primary windings of Tl. A portion of 
the 84 11/ signal from the secondary ofTi is used to drive 
the neon drive circuit on the Null Detector Amplifier P/C 
Assembly. The secondary of Tl also provides an 84 Hz 
signal to drive the synchronous demodulator Qh, on the 
Null Dcicciui Amplifier IVC' Assembly, and the bases of 
Q3 and Q4 in the modulator section of isolation amplifier, 
on the Null Detector Power Supply P/C Assembly. Still 
anotiicr portiem of the 84 Hz signal from the secondary of 
Ti is rccuficd and I'iitered by CR6, CR7, ('3, and C4 to 
provide tlic 1. 15 volts dc operating voltages for the Null 
Detector Amphner P/C Assembly. The collectors of Ql 
and 02, in lire 84 Hz mullivibrator, provide two signals 
180° out of pliasc to tiio bases of Q6 and 05 respectively, 
in the demodulator section of the isolation amplifier. Al- 
tlumgli the isolation amplifier is located on the Null 
Detector Power Supply P/C Assembly, its operation will be 
discussed under paragraph 3-50, “NULL DETECTOR 
AMPLIFIER," since it provides the signal flow path be- 
tween the null detector amplifier and (he indicator circuits. 

348. INPUT CIKC'UITRY, Tiic mil! detector has three 

basic sensitivities for full scale meter deflection: ! milli- 

volt, iOO microvolts, and 10 microvolts. Input voltages 
above i millivolt are reduced by the divider, consisting of 
R') through RI6 and two fiinciions of the SENSITIVITY 
switch (S5a and S5B}- At I millivolt and below, a fixed 
input resistance of 1 megohm (R12) is connected across 
the INPUT icvminals. Tlie input resistance is lOmcgohms 
in the 10 amJ 100 millivolt ranges and iOO megohms at 1 
vol l and above. 

349. Placing the divider in the proper configuration for 
either null detector or diffcrcnlial voltmeter operation is 
accomplished by the INPUT MODE switch. In the TVM 
position, the INPUT MODE switch connects the divider 
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directly across the HI and LO INPUT terminals. The null 
detector amplifier senses across a portion of the divider. 
This portion of the divider provides a voltage proportional 
to the total input voltage. In the DIFF± positions the in- 
strument is connected in series with the divider in such a 
polarity as to oppose the unknown input voltage, The null 
detector amplifier then senses a voltage proportional to the 
difference between the voltage set on the readout dials and 
the unknown input voltage. 

3-50. NULL DETECTOR AMPLIFIER. The proportion- 
al dc voltage from the input divider is filtered by a three 
stage low-pass RC-fi!ter composed of R1-C2, R3-C3, and 
R4-C4. This filter reduces any ac voltage having a fre- 
quency above 1 Hz. The filtered voltage is then chopped 
by the photo-cells Vi and V2. which are driven alternately 
at an 84 Hz rate by the neon driver circuit consisting of 
DSl, DS2, CR3, CR4, R2, and CL The resulting chopped 
signal, containing dc level and polarity information, is 
coupled through C5 to a higii input impedance ac amp- 
lifier consisting of Ql, Q2, Q3. The gain of the ac ampli- 
fier is controlled by the common emitter resistance selected 
by SENSITIVITY switch S5e. The outpu t of Q3 is coupled 
throu^ CIO to a two stage current amplifier consisting of 
Q4 and QS. A fixed negative feedback, from the emitter of 
Q5 througli Cl I and R19 to the base of Q4, holds the gain 
of these stages constant. 

3-5 1 . The (Uitpiii of Q5 is coupled through C 1 2 and R22 
to the emitter of Q6 for demodulation. An 84 Hz drive 
signal, in-phasc with the photo-clioppcr drive signal is 
applied to ilic base of Q6, causing detection of the mag- 
nitude and polaniv of tlie amplified signal. The demod- 
ulated signal is filtcved by R24 and C 1 .S before application 
to the dc amplifier. 

3-52. The dc amplifier amplincs the detected dc signal. 
Transistors 07 through 01- comprise a two-stage (liffcr- 
ciilial amplifier with a complcmeniary emiuer-followei out- 
put, Negative feedback from the emitters of 0 ! 1 and012 



through C17, Cl8, and R3 I to the base of Q8 controls the 
dc amplifier gain. The output of the dc amplifier is taken 
from the common emitters of Qll and Q12. One portion 
of the output is applied to the isolation amplifier and the 
other portion through S5f and the selected^ENSlTIViTY 
range resistor for overall null detector amplifier gain. 

3-53. The isolation amplifier, located on the Null Power 
Supply P/C Assembly, receives a portion of the dc ampli- 
fier output ihrqugit the center tap of the primary of T2. 
The dc signal is modulated at an 84 Hz rate by Q3 and Q4, 
with a phase dependent upon the polarity of the input 
voltage. This modulated signal is coupled across transformer 
T2 for isolation. The phase of the waveform at the second- 
ary of T2 permits conduction of either Q5 or Q6 during al- 
ternate halves of the cycle, causing detection of the 
modulated signal. 

3-54. INDICATING CIRCUITS, in addition to indi- 
cating voltage during null detector or differential voltmeter 
operation, the meter also indicates the output voltage (“V” 
position of the SENSITIVITY switch) or output current 
(“[” position of SENSITIVITY switch and red meter scale). 
Resistors R3 through R6 (Series Pass Driver P/C Assembly) 
and 4he resistors selected by the RANGE switch S2f pro- 
vide a drive current to the meter that is proportional to the 
output voltage, when the SENSITIVITY switch is in the 
“V” position. Resistors R1 and R2 (Series Pass Driver P/C 
Assembly) provide a drive current to the meter that is pro- 
portional to the output current, when the SENSITIVITY 
switch is in the “1” position. 

3-55. A recorder output, directly proportional to meter 
deflection, is provided througli R29, R30, and filter capaci- 
tor C8. Recorder output level adjust, R29, provides an ad- 
juslabic output from 0 to 1 volt for end scale meter 
dellcction, The LO RECORDER OUTPUT terminal is 
isolated from ground by a 0,47 microfarad capacitor and 
may be floated up to 100 volts dc from ground. 



3-9 




4f~ 



335D 





4-1. INTRODUCTION 

4-2. Information concerning the maintenance and cali- 

bration is contained in this section. Paragraph 4-6, GEN- 
ERAL MAINTENANCE, covers unique and miscellaneous 
maintenance procedures. A series of checks to determine if 
the instrument operates properly, plus information to aid in 
localizing possible problem areas, should any of these 
checks fail, is covered under paragraph 4-21. PERFOR- 
MANCE TESTS. Paragraph 446, CALIBRATION, con- 
tains procedures for alignment of circuits and final accur- 
acy adjustments. Paragraph 4-66, TROUBLESHOOTING, 
covers procedures for locating and correcting deficiencies 
in the instrument. 

4-3. SERVICE INFORMATION 

44. Each instrument manufactured by the John Fluke 

Mfg. Co., inc. is warranted for a period of one year upon 
delivery to the original purchaser. Complete warranty in- 
formation is contained in the Warranty page located at the 
front of this manual. 

4-5. Factory authorized calibration and repair service 
for all Fluke instruments are available at various world 
wide locations. A complete list of factory authorized 
service centers is located at the rear of the manual. If 
requested, an estimate will be provided to the customer 
before any repair work is begun on instruments beyond 
the warranty period. 



4-6. GENERAL MAINTENANCE 

4-7. Maintenance Access 

4-8. The following procedure is used to gain access to 

the interior of the Model 335D: 

a. Turn off power and remove line cord from ac 
outlet. 

b. Unfasten two Dzus fasteners on rear panel. 

c. Unfasten four Dzus fasteners on calibration access 
panel on top cover and lift off top calibratior 
access panel. See Figure 4-1. 

d. Set instrument vertically on handles and withdra\ 
outside cover while guiding ac power cord throu^ 
hole in rear of outside cover. See Figure 4-2 

e. To remove inner top cover from instrument 
unscrew ten screws securing inner top cover t< 
chassis and remove cover. See Figure 4-3. 

f. To remove inner bottom cover from instrument 
unscrew nine screws securing inner bottom cove 
to chassis and remove cover. 

g. The instrument is assembled in its covers and cas 
by reversal of the disassembly procedure. 
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4-9. Located parallel to the left side of the instrument 
chassis and behind the second bulkhead is the A9 Extender 
,P/C Board. This board is used as an extender for the 
plug-in circuit boards to provide access for adjusting and 
testing. The extender board is substituted for the board 
to be adjusted or tested with the removed board plugged 
into the receptacle at the top of the extender board. All 
vertically mounted printed circuit boards behind the second 
bulkhead are removable by exerting a combined rocking 
and pulling force on the board itself, but never by pulling 
on a component on the board. When replacing a printed 
circuit board, first ensure that the board is aligned within 
its two vertical guides. As it is inserted in place, next 
ensure that the mating receptacles are correctly aligned 
before pressing it into final position. The extender board 
also must be aligned properly to be installed in its storage 
connector with the land-side of the board facing internal 

of the instrument. 

• 

4-10. Removal of the top and/or bottom covers opens 
one or both power interlock switches. Hence, operation 
of the instrument without its cover (s) requires bypassing or 
cheating the interlocks. However, operation of the instru- 
ment without its case or without case and covers and with 
the interlocks cheated raises the chassis to the + OUTPUT 
potential and is extremely hazardous. Use utmost caution 
when working on the instrument with its case and/or 
cover (s) removed. 

4-11. Unique Maintenance Procedures 

4-12. CLEAN BOARDS. Certain circuit board as- 
semblies are ultrasonically cleaned at the factory to prevent 
the possibility of electrical leakage, caused by contamina- 
tion from handling during assembly. These circuit board 
assemblies include the Null Detector Amplifier P/C As- 
sembly (A6A2), Sample String P/C Assembly (A2), and 
Capacitor P/C Assembly (Al). When components are re- 
placed on these assemblies that require soldering, the land 
pattern side of the board should be cleaned as described in 
paragraph 4*14. Should contamination be suspected on 
the component side of the circuit board, use Freon TF 
Degreaser (Miller-Stephenson Chemical Co.). 

4-13. PHOTOCELL REPLACEMENT. Should the pho- 
tocell assembly on the Null Detector Amplifier P/C As- 
sembly (A6A2) have to be replaced, be very careful not to 
contaminate the photocell assembly or the plastic li^t 
transmission rods. The recommended procedure is to 
wear clean white gloves when handling them. Should the 
photocell assembly or plastic rods become contaminated, 
clean them with ethyl alcohol, then with deionized water 



and air dry. When replacing the photocell assembly, insure 
that the plastic rods are ti^t against the neon lamps and 
photocells. 

4-14. CIRCUIT BOARD SEALENT. Tfte land pattern 
side of all printed circuit boards within the instrument 
have been coated with epocast (a polyurethane resin) to 
inhibit fungus growth and moisture absorbtion. When 
soldering to a printed circuit land, the heat from the 
soldering iron decompcKes the epocast resin, leaving a 
charred residue. Upon completion of soldering, this 
residue should be removed with, a solvent, such as tdud. 

CAUTION! 

The foUoiKditg precautions ^ouid be adhered 
to wiien t^g toluol: avoid inhaling die 

vapors, avoid excessive contact with the skin, 
and keep away from open flames. Insure that 
plastic components do not come into contact 
with toluol, since it w0! dissolve most types of 
plastic. 

After removal of the epocast residue, tihe affected area 
should be recoated with a sealent. A spray can of Circuit 
Coat (Furane Plastic Inc., 4516 BrazU Street, Los Angeles, 
California or 16 Spielman Road, Fairfield, New Jersey) 
may be used for recoating. 

4-15. Fuse Replacement 

4-16. The fuses are contained in bayonet type fuse 
holders located at the rear of the instiument. Listed 
below are the correct values for the fuses: 



REF 






DESIGN 


FUNCTION 


TYPE 


FI 


Hi^ Voltage 


1/4A, slow blow 


F2 


Line 


3A, slow blow, 

1 15V conn. 
M/2A, slow blow, 
230V c(»in. 



Under no circumstances diould replacement fuses with 
higher current ratings be installed in the instrument. 

4-17. Lamp Replacement 

4-18. The indicator lamps are located immediately 
behind the front panel. The instrument may be partially 
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Figure 4-1. CALIBRATION ACCESS PANEL, INSTALLED (A) AND REMOVED (B) 
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Figure4-2. OUTSIDE COVER REMOVED 
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removed from the ease to gain access to the lamps. The 
decimal lamps arc easily accessible and removable from the 
(op of the instrument without (he need of any spcciiil 
tools. To replace either the over current-voltage lamp or 
the operate lamp, remove the screw securing the lamp 
holder to its mounting, then remove the bayonet base lamp. 

4-19, 115/230V Conversion 

4-20. Depending upon the connection of the power 

transformers primary windings, the instrument may be 
operated from either a 1 15 or 230 volt ac power line. To 
convert it from one type of power line operation to the 
other, use the following procedure: 

a. Disconnect the line cord from the power line. 

b. Remove the instrument from' the case and place 
upside down on a suitable work space. 

c. Orient the instrument and perform the appro- 
priate electrical -connections as illustrated in Figure 
4-4. 

d. Use (he proper fuse corresponding to the selected 
conversion, as discussed in paragrapii 4-15. 



4-21. PERFORMANCE TESTS 
4-22. I ntroduction 

4-23. The following tests arc intended for checking the 
pcrfornumLC of (lie Model 335D. These tests may be used 
for inctjuiing inspection, periodic inspections, and prccali- 
bralion checks, It is recommended that tltcsc test.s be 
performed pri«»r to each calibration. 

4-24. The tests in paragraphs 4-29 through 445 arc 
divided into two groups: tht>sc associated with the volt- 
age standard and those ass(x:iatcd with the voltmeter 
portion of the instrument. In each ease, a short intro- 
ductory paragraph, prior to each test, briefly describes the 
purpose of each test and the circuitry involved. An under- 
standing of (he purpose of each test and the circuitry 
involved .should aid the technician in analyzing a mal- 
function, 

4-25. Duriirg the following tests, it will not be neces- 
sary to remove iiic instrument from the case. All ex- 
ternal equipment will be connected to the terminals pro- 
vided on the instrument. Table 4-1 lists the equipment 
needed for testing and calibrating. 
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Figure4-4 1 1 5/230 VAC CONVE RSION 
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EQUIPMENT REQUIRED 


SPECIFICATIONS REQUIRED 


Volt/Ohmmeter - RCA Voltohmyst or equivalent. 


DC Accur«:y of ±3% and input impedance of lOMfi. 

\ 


Metered Autotransformer - General Radio 


Output of 0 to 130 vac at 3 amperes. 


Variac W5MT3A or equivalent 




DC Differential Voltmeter - Fluke Model 895A 


DC Accuracy of ±0.0025% with 100 uv null 




detected. 


RMS Voltmeter - Fluke Model 931B or 


Accuracy of ±{0.05% of input +0.005% of ran^) 


equivalent. 


from 30 Hz to 50 kHz. 


Preamplifier 


Gain of 1000 and bandpass of 20 Hz to 30 kHz. 


Oscilloscope - Tek&onix Type 541 or equivalent. 


General purpose. 


Preamplifier • Tektronix Type D 


1 mv/cm sensitivity 


General Purpose Power Supply 


Provide 5.5 volts. 


DC Miiliammeter 


0 to 100mi!liamperes±5%. 


Load Resistor Box - Clarostat 240-C 


Resistance range of 20 to 20,0(K)n at ±5%. 




Capable of handling up to 80 watts. 


Resistor, Composition ' 


100kkf2±5%, l/2w 


Lead Set 


Low-leakage; low-thermal emf 


Standard Cell Enclosure - Guildline Model 9152 


Accuracy of ±0.0003%, 


DC Voltage Calibration System • Fluke Model 


Capable of measuring 0.1 to 1100 vdc with 


7101B consisting of the following equipment, 


5 ppm accuracy. 


or an equivalent system: 




Voltage Standard, Model 332B 
Nut! Detector, Model 845AR 
Voltage Divider. Model 750A 
Kelvin-Variey Voltage Divider, Model 720A 





Table 4-1. TEST AND CALIBRATION EQUIPMENT REQUIRED 
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4-26. Voltage Standard 

4-27. GENERAL. Since the load, line, and ripple checks 
do not rely on any calibration adjustments, a major or 
minor out of tolerance indication should be investigated 
by troubleshooting. The remaining voltage standard checks 
do rely on proper calibration adjustments. Should minor 
out of tolerance indications be observed during these 
checks, calibration will more than likely correct these prob- 
lems. However, should the calibration adjustments be in- 
effectual or at their extreme limits, you will have to in- 
vestigate the cause of the problem. 

4-28. In the evertt that a malfunction Is discovered, 
complete as mai^ of the performance tests as possible. 
Record which t«ts the instrument does not successfully 
pass and any almormal indications. This will help in 
analyzing the problem and lead to more efficient trouble- 
shoofing. 

4-29. LINE REGULATION. The line regulation test 
determines whether the output voltage will remain con- 
stant, within specified limits, for a low to high line input 
power change. 

a. Connect the line cord through an auto-transformer 

connected to an ac power line. Set the auto- 
transformer to 1 15 volts ac. 

b. Set the front panel controls as follows: 

POWER STDBY/RESET 

NULL ZERO OPR ' 

INPUT MODE TVM 

SENSITIVITY I 



RANGE 10 

Readout All Zero 

TRIP 1000 

VERNIER Clockwise 

CURRENT LIMIT Clockwiv (60) 

Terminal Connections - See Figure 2-2 (a). 

c. Connect the Model 895A to the SENSE terminals 
and set to plus polarity. Connect the 240-C Load 
Resistor Box to the OUTPUT terminals. 

d. Set the RANGE switch, readout dials, and load 
box to the values indicated in the first group of 
settings in Table 4-2. Set the POWER switch to 
the OPR position. Note the voltage indicated on 
the Model 895A. Set the autotransformer to 
low line (103V). The output voltage change, 
indicated on the Model 895 A, should not 
exceed the specification listed in Table 4-2. 
Return the autotransformer setting to nominal 
line (115V). Note the voltage indication on the 
Model 895A. Set the autotransformer to high line 
(127V). The voltage change, indicated on the 
Model 895A, should not exceed the specification. 
Repeat this procedure for each group of settings 
in Table 4-2. 

4-30. LOAD REGULATION. The load regulation test 
determines if the output voltage will remain constant, with- 
in specified limits, when the output is subjected to a no-load 
to full-load condition. 

a. Connect the line cord to an autotransformer con- 
nected to an ac power line. Set the autotrans- 
former to 1 15 volts ac. 




Table 4-2. CONTROL SETTINGS, LOAD REQUIREMENTS. AND LIMITS FOR LINE REGULATION 
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b. Set the front panel controls as follows: 



POWER 
NULL ZERO 
INPUT MODE 
SENSITIVITY 
RANGE 
Readout 
TRIP 
VERNIER 
CURRENT LIMIT 



STDBY/RESET 

OPR 

TVM 

1 

10 

All Zero 

1000 

Clockwise 
Clockwise (60) 



NULL ZERO 
INPUT MODE 
SENSITIVITY 
RANGE 
Readout 
TRIP 
VERNIER 
CURRENT LIMIT 

Terminal Connections 



OPR 

TVM 

I 

10 

All Zert) 

1000 

Clockwise 
Clockwise (60) 

See Figure 2*2 (a). 



Terminal Connections - See Figure 2-2 (a). 

c. Connect the Mode! 895A to the SENSE terminals. 

d. Set the RANGE switch and Readout Dials to the 
values indicated in the first group of settings listed 
in Table 4-3. Set the POWER switch to the OPR 

• position. Note the voltage indicated on the Model 
895A. Connect the 20-ohm load to the OUTPUT 
terminals of the instrument, and note the output 
voltage change on the Model 895 A. This change 
should not exceed the specification listed in the 
chart. Repeat this step for each group of settings. 

e- Repeat step d. for low line (103V) and high 
line (127V). 

4-31. RIPPLE. The ripple test determines if the rms 

value of the super-imposed ac component, on t!ic dc output 

is within specified limits. 

a. Connect the preamplifier to liie OUTPUT ter- 
minals. Connect the Mode! 93 ! RMS Voltmeter to 
the output of the preamplifier. 

b. Set the front panel controls as follows: 

POWER 



c. With the autotransformer set to nominal line volt- 
age (HS Vac), set the POWER switch to OPR. 
The ripple indicated on the Model 93 IB should 
not exceed 20 microvolts rms (Indication is via 
idOOX amplifier). 

d. Set the readout dials to 10 vcJts. The ripple in- 
dicated on the Model 93 IB should not exceed 20 
microvolts rms. 

e. Connect the 200-ohm load resistor to the OUT- 
PUT terminals. The ripple indicated on the Model 
93 IB should not exceed 20 microvolts rms. Dis- 
connect the load resistor. 

f. Set the readout dials to zero, and set the RANGE 
switch to 100. The ripple indicated on the Model 
93 1 B should exceed 30 microvolts rms. 

g. Set the readout dials to 100 volts. The ripple in- 
dicated on the Model 93 IB should not exceed 30 
microvolts rms. 

Ii. Connect the 2,000-ohm load resistor to the OUT- 
PUT terminals. The ripple indicated by the Model 
93 IB should not exceed 30 microvolts rms. Dis- 
connect the load resistor. 

Set the readout dials to zero, and set the RANGE 



STDBY/RESET 



RANGE 


READOUT 


LOAD (50 ma) 


SPEC. 


10 


1.000000 


2 on 


10 uv 


10 


10.00000 


2oon 


20 uv 


100 


10.00000 


2oon 


20 uv 


100 


lTO-00000 


2ooon 


200 uv 


1000 


100.0000 


2ooon 


200 uv 


1000 


^00.0000 


2o,oooa 


2.0 mv 



Table 4-3. CONTROL SETTINGS, LOAD REQUIREMENTS, AND LIMITS FOR LOAD REGULATION 
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d. Set the RANGE switch to iO volts, the readout 
dials to 5 volts, the CURRENT LIMIT control 
maximum clockwise, and the SENSITIVITY switch 
to “I”. 

\ 

e. Connect a 0 to 100 dc miiliainmeter across the 
OUTPUT terminals. 



switch to 1000. The ripple indicated on the Model 
93 IB should not exceed 40 microvolts rms. 

J. Set the readout dials to 1000 volts. The ripple in- 

dicated on the Model 93 IB should not exceed 40 
microvolts rms. 

k. Connect the 20,000-ohm load resistor to the OUT- 
PUT terminals. The ripple indicated on the Model 
931B should not exceed 40 microvolts rms. Dis- 
connect the load resistor. 



4-32. VOLTAGE STANDARD ACCURACY. If the 
voltage standard has successfully passed the line, load, and 
ripple specifications, it can be assumed to be operating 
correctly. The output voltage can now be checked and 
compared to the accuracy specifications. These checks 
should be accomplished after the unit has warmed up for 
1 hour at standard reference conditions of 23°C ±TC, up 
to 70% relative humidity, and constant line voltage. One 
method of checking the instruments accuracy is by com- 
paring the output voltages to a standard cell by means of a 
reference divider. Use the equipment and connections 
shown in Figure 4-8 and the procedure of paragraph 4-65, 
steps 1. through t. 

4-33. Meter and Protection Circuits 

4-34. V - I MONITOR. This check investigates the cir- 
cuitry involved with monitoring and displaying, on the 
front-pane! meter, the output voltage and current. 

a. With the SENSITIVITY switch in the “V" posi- 
tion, set the RANGE switch and readout dials for 
100 volts output. 

b. The front-panel meter should indicate 100 volts 
±3.0 volts. 



c. Check the meter linearity at the following cardinal 
points, Table 44. All meter indications should 
be within ±3% of full scale. 



RANGE 


READOUT 


10 


1.000000 


100 


1 0. 00000 


1000 


1 0 0. 0 0 0 0 


10 


LQ. 0 0 0 0 0 0 


1000 


133 0 0.00 00 



Table 4-4. CONTROL SETTINGS PQR v-1 MONITOR 
TEST 



f. Rotate the CURRENT LIMIT control counter- 
clockwise until the external meter indicates 50 
milliampcrcs. The front-panel meter should also 
indicate 50 milliamperes on the red scale. 

g. Set the RANGE switch to 100 volts then to 1000 
volts. The front-panel meter should indicate 50 
milliamperes in each position of the RANGE 
switch. 

4-35. CURRENT LIMIT. This check determines the 
range of the CURRENT LIMIT control, which should be 
from 0.5 to 60 milliamperes. 

a. Set the POWER switch to STDBY/RESET, the 
RANGE switch to 10 volts, the readout dials to 5 
volts, and the CURRENT LIMIT control maximum 
clockwise. 

b. Connect a 0 to 100 dc milliammetei across the out- 
put terminals. 

c. Set the POWER switch to OPR. The external 
meter should indicate 60 milliamperes. 

d. Rotate the CURRENT LIMIT control maximum 
counter-clockwise. The externa! meter should 
indicate 0.5 milliampere. 

4-36. VOLTAGE TRIP, This test determines if the 
trip circuit will actuate during an overvoltage condition, 
on each RANGE setting. 

a. Set the TRIP VERNIER maximum clockwise. Set 
the RANGE, TRIP, and readout dials to the values 
indicated in Table 4-5. In each case, rotate the 
VERNIER counter-clockwise from tJic maximum 
clockwise position until ilie trip circuitry just 
actuates. In each case, the VERNIER control 
should be approximately 30° from the maximum 
clockwise position. 

b. Sc; the output of the instrument for 4 volts on the 
tO voh range. Set the TRIP switch to the 10 volt 
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RANGE 


TRIP 


READOUT DIALS 


10 


10 


lo.xooooo 


100 


100 


10X.000O0 


1000 


1000 


mx.xoo 



Table 4-5. CONTROL SETTINGS FOR VOLTAGE 



TRIP CHECK 

position and the VERNIER control to the 12 
o’clock position. 

c. Set the RANGE switch to 100 volts. The trip cir- 
cuit should actuate. 

d. Set the TRIP switch to the 100 volt position and 
reset the instrument. 

e. Set the RANGE switch to the 1000 volt position. 
The trip circuit should actuate. 

f. Set the TRIP switch to the 1000 volt position and 
the VERNIER control maximum clockwise. Reset 
the instrument. 

g. Set the RANGE switch to 100 volts tlien to 10 
volts. Tlie trip circuit should not actuate in either 
position. 

4-37, Voltmeter 

4-38. GENERAL. A good indication of correct oper- 
ation of the null detector is the electrical zero test. 
Should the instrument fail tliis test, you should investigate 
the cause of the problem. 

4-39. LEAKAGE RESISTANCE. This test determines 
if the isolation between the LO INPUT terminal and 
ground, in the TVM mode, is at least 10'^ ohms. 

a. Disconnect the Model 335D from the power line 
and connect to the Models 4I5B and 845AR, as 
illustrated in Figure 4-5, with teflon coated leads. 

b. Connect a 100 kilo-ohm (±5%) 1/2 watt resistor 
across the INPUT and COMMON terminals of the 
Mode! 845AR, 

c. Set the Mode! 845AR POWER switch to ON and 
the RANGE switch to 100 microvolts. Set the 
INPUT MODE switch to TVM and insure that the 
VM AC COMMON terminal is linked to (ground). 

d. Apply 1000 volts from tlie Model 4!5B. 



e. The indication on the Model 845AR should not 
exceed 100 microvolts. This indicates that the iso- 
lation is 10‘^ dims or greater. 

f. Return the Mode! 41 5B to zero output and remove 
all equipment interconnections. 

440. MECHANICAL ZERO. With the instrument still 
de-energized, adjust mechanical zero screw (located just 
below the meter) so diat the meter pointer is over the 
center scale zero position. 

441. ELECTRICAL ZERO. Connect the instrument 
to the power line and set the POWER switch to the STDBY/ 
RESET position. Proceed as follows: 

a. Set the controls as follows: 

Readout Dials All Zero 

INPUT MODE TVM 

NULL ZERO ZERO 

SENSITIVITY 10 uv 

b. Rotate the NULL ZERO control through its full 
range. The meter pointer should deflect a total 
of 16 microvolts. 

c. Set the meter pointer over the center scale zero 
position with the NULL ZERO control. 

d. Observe the meter pointer for a period of 10 sec- 
onds. The peak-to-peak excursions of the pointer 
should not exceed 0.5 microvolts. 

442. VOLTMETER ACCURACY. The null detector 
accuracy can now be checked. Place the INPUT MODE 
switch in the TVM position. Known voltages may be, 
applied to the INPUT terminals lo check the null detector 
at the desired cardinal points. Null Detector accuracy is 
±3% of full scale. 

443. The differential voltmeter operation may also be 
checked for accuracy by placing the INPUT MODE switch 
in the DlFFt positions. When doing so, observe the same 
standard reference conditions used for checking the voltage 
standard accuracy. 

444. RECORDER OUTPUT VOLTAGE 

a. With the INPUT MODE switch to the TVM posi- 
tion, set the SENSITIVITY switch to the I milli- 
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volt position and apply one miiiivolt to the INPUT 
terminals. The meter should defiect full scale. 

b. Connect a Model 895A to the RECORDER OUT- 
PUT terminals. 

c. Vary the RECORDER OUTPUT ADJUST to both 
extremes- The voltage at the RECORDER OUT- 
PUT terminals should vary from 0 to over 1 volt 
(typically 1.2 volts). 

d. Disconnect the Model 895A and the 1 millivolt 
source. 

4-45. RECORDER OUTPUT GROUND ISOLATION 

a. With the INPUT MODE switch in the TVM posi- 
tioti. set the SENSITIVITY switch to the 10 micro- 
volt position and apply 10 microvolts to the INPUT 
terminals. Adjust recorder (wtput for 1 .0 volt. 

b. Apply ±100 volts, from the Model 335D OUTPUT 
terminals, between the LO ^and (ground) RE- 
CORDER OUTPUT terminals. 

c. The change in deflection on the front-pane! meter 
should be less than 0.5 microvdts. 

d. Remove connections. 

4-46. CALIBRATION 
4-47. Introduction 

4-48. The following procedures are intended for cali- 
bration. The equipment required is listed in Table 4-1. 
Daring the first portion of the calibration procedure, the 
instrument wQl have to be removed from its case. Refer to 
paragraph 4-8 for maintenance access procedures. The top 
inner cover will also have to be removed. Howcvei. upon 
removal of the top inner cover it will be necessary to 
“cheat” thi interlock located on the lop rig!it-hand edge of 
tilt instrument chassis. 

WARNING! 

The inner chassis is at + OUTPUT potential 
Lethal voltages exist between inner chassis and 
front panel. 



4-49. Voltmeter 

4-50. MECHANICAL ZERO. With the instrument de- 
energized for at least 3 minutes, adjust the mechanical 
zero screw (located just below the front-pane! meter) so 
that the meter pointer is over the center scale zero posi- 
tion. 

4-51. NULL DETECTOR DRIVE FREQUENCY. Ex- 
tend the Null Detector Power Supply P/C AssembIy(A6Al) 
on the extender card provided. Set the POWER switch to 
STDBY/RESET and allow approximately one minute for 
warm-up. Proceed as follows: 

a. Set the oscilloscope vertical input to 20 volts/ 
centimeter and the horizontal sweep for 2 milli- 
seconds/centimeter. 

b. Connect the oscilloscope between the collectors 
of QI and Q3. 

c. Refer to Figure 4-6 and adjust R4 until the period 
of the square wave is 1 1.9 milliseconds. 

4-52. NULL SENSITIVITY ADJUST. Proceed as fol- 
lows: 

a. Adjust the meter electrical zero. Set the INPUT 
MODE switch to TVM. the SENSITIVITY switch 
to 1 miiiivolt, and NULL ZERO to OPR. 

b. Apply ■♦-I millivolt to the INPUT terminals. 

c. Refer to Figure 4-6 and adjust R9 for a full-scale 
meter deflection (LO) ±1/2 a small division. 

d. Apply -1 millivolt to the INPUT terminals. The 
meter pointer should defiect full-scale to the left 
of zero ±1/2 a small division. 

e. Apply to each of the remaining SENSITIVITY 
ranges, the corresponding voltage that will cause a 
full-scale deflection. In each case, the meter 
pointer should deflect full-scale, ±I smalt division. 

4-53. Voltage Standard 

4-54. AUXILIARY POWER SUPPLY. With POWER 
swiicii m the OFF positioii, connect th'. Model .~35D 
through ;s'’ auioiransiormer to tlic power line. Adjust the 
autotran'torfoet for nominal line voltage. Extend the 
-Yaxiliars V Supply P/C Assembly (A5.45) on the ex- 
i'-nder card piovid.J, Set the POWER switch to the 
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STDBY/RESET position. Allow approximately 10 minutes 

for warm-up; then proceed as follows: 

a. Using the +SENSE terminal as common, connect a 
Model 895A to pin 10 on the Auxiliary Power 
Supply P/C Assembly. 

b. Referring to Figure 4*6, adjust R9 until the Model 
895A indicates 25 volts, ±10 millivolts. 

c. While varying the line voltage from 100 to 130 
volts ac, the Model 895A indication should not 
change more than 40 millivolts. 

d. Set the POWER switch to OFF. Disconnect the 
Model 895A. Replace the Auxiliary Power Supply 
P/C Assembly. Return the POWER switch to the 
STDBY/RESET position. 

4-55. CURRENT LIMIT. Proceed as follows: 

a. Set the controls as follows: 

POWER 
RANGE 
Readout Dials 
TRIP 
VERNIER 
CURRENT LIMIT 

b. Connect a 0 to 100 dc miliiammeter across the 
OUTPUT terminals. Set the POWER switcii to 
OPR, 

c. Referring to Figure 4-6, adjust R2? for a 60 mil- 
liampere indication on the external meler. 

d. Rotate the CURRENT LIMIT control maximum 
counter-clockwise. Referring to Figure 4-6. adjust 
R24 for a 0.5 milliampere indication on the 
external meter. 

e. If necessary, readjust R23 and R24 until liic range 
of the CURRENT LIMIT control is from 0.5 to 60 
milliamperes. 

f. Set the POWER switch to STDBY/RESi'T. Replace 
the top inner cover on the Model 335D. 

4-56. OUTPUT CURRENT MONITOR. Proceed as 
follows; 

a Set the SENSITIVITY .switch to “1". 



b. Adjust the CURRENT LIMIT control to obtain a 
50 milliampere indication on the external meter. 

c. Rotate the adjustment labelled 0|JTPUT CUR- 
RENT METER ADJUST until the front-panel 
meter pointer indicates 50 milliamperes on the red 
scale. 

d. Set the RANGE switch to 100 volts; then to 1000 
volts. The front-panel meter should indicate 50 
milliamperes in each position of the RANGE 
switch. 

e. Set the POWER switch to STDBY/RESET. Re- 
move the external meter connections from the in- 
strument. 

4-57. OUTPUT VOLTAGE MONITOR. Proceed as 

follows: 

a. Set the front panel controls as follows: 

SENSITIVITY V 

RANGE 100 

Readout Dials 10 0. 0 0 0 0 0 

b. Rotate the adjustment labelled OUTPUT VOLT- 
METER ADJUST unto the front-panel meter in- 
dicates 100 volts ±0.5 volts. 

c. Meter linearity may be checked at the cardinal 
points listed in Table 4-6. Ail full-scale meter 
indications should be within ±3% of the readout 
dial settings. 



RANGE 


READOUT DIALS 


10 


1.000000 


100 


1 0.0 0 0 0 0 


1000 


1 0 0.0 0 0 0 


10 


1 0.0 0 0 0 0 0 


1000 


10 0 0.0 0 0 0 



Table 4-6. CONTROL SETTINGS FOR VOLTAGE MONI- 
TOR LINEARITY CHECK 



4-58, VOLTAGE TRIP. Proceed as follows; 

;>. Set the controls as follows: 

RANGE 100 

Readout Dials 10 X. 0 0 0 0 0 



STDBY/RESET 

10 

5.0 0 0 0 0 0 
1000 

Maximum Clockwise 
Maximum Clockwise 
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VOLTAGE TRIPOUT maximum counter- 
ADJUST (top cover) clockwise 

TRIP 100 

VERNIER ?0° from maximum 

clockwise 

b. Rotate the VOLTAGE TRIPOUT ADJUST until 
the output is de-energized, as indicated by the 
Olumination of the red indicator lamp and the 
audible “click” of relays. 

c. Set the POWER switch to STDBY/RESET. Rotate 
the VERNIER control to the maximum clockwise 
position. 

d. Set the POWER switch to OPR. Set the RANGE 
switch, TRIP switch, and readout dials as listed 
in Table 4-7. Check the trip action on each range 
by rotating the VERNIER control counter-clock- 
wise. The trip point should occur in each RANGE 
switch position when the VERNIER control is ap- 
proximately 30® from the maximum clockwise 
position. 



e. Set the POWER switch to STDBY/RESET. 

4-60. Voltage Standard Output 

4-61. The voltage standard is calibrated ^y setting the 
zero output and adjusting the sample string resistors and 
the range resistors. Adjustment of sample string resistors 
determines output voltage ratio accuracy and adjustment 
of the range resistors determines absolute voltage accuracy. 
The linearization adjustment involves adjusting correspond- 
ing resistors in adjacent decades so they are in exact ten-to- 
one ratio with each other. 

4-62. This procedure is divided into sections, initial and 
final. Both procedures are to be performed if any servicing 
has been done. The Final Calibration need only be done if 
the instrument is operating normally and requires certifica- 
tion. 

4-63. INITIAL CALIBRATION. The following adjust- 
ments should be performed whenever repairs have been 
made to the Model 335D. After completion, however, the 
adjustments given under Final Calibration must also be 
done. 



TRIP 


RANGE 


READOUT DIALS 


10 


10 


1 O.XOOOOO 


1000 


1000 

‘ - 


1 OX X.XOOO 



Table 4-7. CONTROL SETTINGS FOR TRIP RANGE 
CHECK 



4-59. MASTER REFERENCE. Proceed as follows: 

a. Set the controls as follows: 



POWER 
RANGE 
Readout Dials 
TRIP 
VERNIER 
CURRENT LIMIT 



OPR 

1000 

00 X. 00 00 
1000 . 

Maximum Clockwise 
Maximum Clockwise 



b. Connect a Model 895A to the MASTER REFER- 
ENCE TEST points through the top inner cover. 



4-64. The instrument should be warmed-up for at least 
one hour at standard reference conditions of 23® ±1®C, up 
to 70% relative humidity and constant line voltage before 
adjustments are made. The instrument must be operated in 
its case with the RANGE switch and readout dials set for 
100 volts output. 

a. Set the Model 335D controls as follows: 



POWER 
RANGE 
Readout Dials 
TRIP 

CURRENT LIMIT 



ON 

1000 

00X0000 

Maximum Clockwise 
Maximum Clockwise 



b. Connect a Model 895A to the MASTER REFER- 
ENCE test points througli tlic top inner cover. 

c. Rotate R9 on Reference Supply pcb to obtain 

an indication of 15.00 volts (±10 uV) on the 
Model 895 A. 



c. Adjust CAL lOOOV, CAL lOOV, and CAL lOV 
mechanically to mid-point of travel. 

d. Rotate R9 on Reference Supply pcb to obtain 
an indication of 15.00 volts (±10 uV) on the 
Model 895A. 



d. Connect a Model 895AR null detector across the 
OUTPUT terminals. Set the voltage standard dial 
readout to all zeros and the POWER switch 
to OPR. 

e. At each RANGE switch position, vaiy the corre- 
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spending ZERO OUTPUT ADJUST (lOV, lOOV, h. 
lOOOV) for a null indication (±2 microvolt) on the 
null detector. 

j. 

f. Connect the 895A to the OUTPUT terminals of 
the 335D with the voltmeter comm,on connected 
to the positive (+) output. 

g. Set RANGE switch and decades on the 335D 
as listed in Table 4-8. Null the 895A reading or 
adjust the specified Sample String adjustment po* 
tentiometer as required. 



Range 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

1000 

100 

100 

100 

100 

100 

100 

100 

100 

10V 

10V 

10V 

10V 

10V 

10V 



Dial Setting 

00 OX 00 0 
00 10 00 0 

001X000 
00 20 00 0 

00 3X 00 0 
00 40 00 0 

00 7X 000 
00 80 00 0 

00 xoooo 

01 00 00 0 

01 XO 00 0 

02 00 00 0 

03 xoooo 

04 00 00 0 

07 XO 00 0 

08 00 00 0 

OX 00 00 0 
10 00 00 0 

1 X 00 00 0 
20 00 00 0 

3X 00 00 0 
40 00 00 0 

7X 00 00 0 
80 00 00 0 



Adjust 895A to: 
Null Reading 

Null Reading 

Null Reading 

Null Reading 

Null Reading . 

Null Reading 

Null Reading 

Null Reading 

Nuli Reading 

Null Reading 

Nuli Reading 

Nuli Reading 



Adjust * 



8 



C Decade 



B Decade 



A Decade 



* Adjust the specified Sample String potentiometers to within 
±2/J volts of the previous null reading. 



m. 



n. 



o. 



Table 4-8. SAMPLE STRING PRE-LINEARIZATION 



335D 

RANGE 


335D 

Dial Setting 


Adjust 895A 
To: 


Adjust 


10V 


10.0 00 00 0 


10.0 00 00 


10V CAL to null 


100 V 


10.00 000 


10.0 00 00 


100V CAL to null 


1000V 


01 0.0 00 0 


10.0 00 00 


1000V CAL to nuli 



Tabje4-9. PRELIMINARY RANGE CALIBRATION 



Leave the 89SA connected as in step f. 



Set the RANGE and decades on the 335D as 
listed in Table 4-9. Adjust the 895A to 
10.0 00 00 volts. Adjust the range calibration 
pots (CAL) shown in Figure 4-2 as required. 



Set the Model 33SD controls as follows: 



POWER 
RANGE 
Readout Dials 
TRIP 
VERNIER 
CURRENT LIMIT 



STDBY/RESET 

10 

5.000000 

1000 

Maximum Clockwise 
Maximum Clockwise 



Connect a 0 to 100 dc milliammeter across the 
OUTPUT terminals. Set the POWER switch to 
OPR. 



Referring to Figure 4-6, adjust R23 for a 60 milH- 
ampere indication on the external meter. 

Rotate the CURRENT LIMIT control maximum 
counter-clockwise. Adjust R24 for approximately 
0.5 milHampere indication on the external meter. 

If necessary, re-adjust R23 and R24 untO the range 
of the CURRENT LIMIT control is from 0.5 to 
60 miiliamperes. 

Set the POWER switch to STDBY/RESET. Re- 
place the top inner cover on the Model 335D. 

Set the METER switch to CURRENT and the 
POWER switch to OPR. 

Adjust the CURRENT LIMIT control to obtain 
a 50 milUampere indication on the external meter. 

Rotate the adjustment labeled output CURRENT 
METER ADJUST until the front-panel meter 
pointer indicates 50 miiliamperes on the red scale. 

Set the RANGE switch to 100 volts; then to 1000 
volts. The front-pane! meter should indicate 50 
miiliamperes in each position of the RANGE 
switch. 

Set the POWER switch to STDBY/RESET. Re- 
move the external meter connections from Model 
335D. 
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u. 



Set the Model 335D front paird controls as 
follows: 



POWER OPR 

METER VOLTAGE 

RANGE 100 

Readout Dials 100.00000 



V, Rotate the adjustment labeled OUTPUT VOLT- 
METER ADJUST until the front-panel meter in- 
dicates 100 volts ±0.5 volts. 



w. Meter linearity may be checked at the cardinal 
points listed on Table 4-10. All full-scale meter 
indications should be within ±3% of full scale 



RANGE 


READOUT DIALS 


10 


1.000000 


100 


10.00000 


1000 


100.0000 


10 


10.000000 


1000 


1000.0000 



Table 4-10. CONTROL, SETTINGS FOR VOLTAGE 
MONITOR LINEARITY CHECK 

X. Set the Model 335D controls as follows: 



RANGE 
Readout Dials 
VOLTAGE TRiPOUT 
ADJUST (top cover) 

jj^ip 

VERNIER 



lOOOV 

125.0000 

Maximum Counter- 
clockwise 
100 

Fully Clockwise 



y. Rotate the VOLTAGE TRIPOUT ADJUST untU 
the output is de-energized, as indicated by the il- 
lumination of the red indicator lamp and the aud- 
ible “click” of relays. 



z. Set RANGE to 10 and reset the instrument. 



aa. Set the POWER switch to OPR. Set the RANGE 
switch, TRIP switch, and readout dials as listed in 
Table 4-11. Check the trip action on each range 
by rotating the VERNIER control counter-clock- 
wise. The trip point should occur in each RANGE 
switch position when the VERNIER control is 
approximately 30® from the maximum clockwise 
position. 



TRIP 


RANGE 


READOUT DIALS 


10 


10 


lo.xooooo 


1000 


1000 


10XX.X000 



Table 4-11. CONTROL SETTINGS FOR TRIP RANGE 
CHECK 



ab. Set the output of the instrument for 4 volts on the 
10 volt range. Set the VOLTAGE TRIP switch to 
the 10 volt position and the VERNIER control to 
the 12 o’clock position. 

ac. Set the RANGE switch to 100 volts. The trip cir- 
cuil should actuate. 

ad. Set the VOLTAGE TRIP switch to the 100 volt 
position and reset the instrument, 

ae. Set the RANGE switch to tiie 1000 volt position. 
The trip circuit should actuate. 

af. Set the VOLTAGE TRIP switch to the 1000 volt 
position and the VERNIER maximum clockwise. 
Re-set the instrument. 

ag. Set the RANGE switch to 100 volts then to 10 
volts. The trip circuit should not actuate in either 
position. 

4-65. FINAL CALIBRATION. The following procedure 

should be performed to accomplish the final linearization 

of the Sample String and the Range Calibration on the 

335D. 

a- Connect a Model 895AR null detector across the 
OUTPUT terminals. Set the voltage standard dial . 
readout to all zeros and the POWER switch 
to OPR. 

b. At each RANGE switch position, vary the corre- 
sponding ZERO OUTPUT ADJUST (lOV, lOOV, 
lOOOV) for a null indication (±1 microvolt) on the 
voltmeter. 

c. Self-caiibrate the 720A using the procedure con- 
tained in its instruction manual. 

d. Using the 7101B DC Voltage Calibration System 
make the equipment connections shown in Figure 
4-7. 
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Set the readout dials of the 720A to the standard 
cell voltage (e.g. “.1018000”). 



335D 



f. 



h. 



j- 

k. 



Set switch SI to position A. 

Adjust the output of the 335D (approximately 1 1 
volts) for a null indication (±1 microvolt) on the 
84SAR. 

Set OPhRAI'E swiicli on 845AR to ZERO. Set 
switch SI to positioti B. 




Figure 4-7. CONNECTIONS FOR SAMPLE STRING 
LINEARIZATION 



Set the RANGE and readout dials to the values 
listed in Table 4-12 and adjust the RANGE CAL 
or SAMPLE STRING ADJUST potentiometers as 
indicated. 

Repeat steps a. through h. of paragraph 4-65. 

Set the RANGE and readout dials to the values 
listed in Table 4-13 and adjust the RANGE CAL 



potentiometers as indicated. 

NOTE! 

The calibration of the 335D should now be 
checked to ensure that it meets the accuracy 
specifications. 

Using the 7101B DC Voltage Calibration System 
make the equipment connections shown in Figure 
4-8. 



STEP 


720 SETTING 


335D 


335D 




NULL 


845AR 






RANGE 


DIAL SETTING 


ADJUSTMENT 


NULL 


1 


0000000 


1000V 


000.0000 


[]>-845AR 


■ffli 


2 


.1000000 


1000V 


000. XOO 


lOOOV CAL 




3 


.1000000 


1000V 


001.0000 


DECK C - 1 




4 


.2000000 


10Q0V 


002.0000 


DECK C -2 




5 


.4000000 


1000V 


004.0000 


DECKC-4 




6 


.8000000 


1000V 


008.0000 


DECKC-8 




7 


' 0000000 


1000V 


OOX.OOOO 


[J> 720A 


±5uV 


8 


Step 7 null 


lOOOV 


010.0000 


DECK B - 1 


±5uV 


9 


0000000 


100 V 


00.00000 


845AR 


±1 uV 


10 


.1000000 


100 V 


01.00000 


lOOV CAL 


±1 uV 


11 


.2000000 


100 V 


02.00000 


DECK B-2 


uV 


12 


.4000000 


100V 


04.00000 


DECK B »4 


±2 uV 


13 


.8000000 


lOOV 


08.00000 


DECK B - 8 


±4 uV 


14 


1.0000000 


lOOV 


ox.ooooo 




720A 


iS uV 


15 


Step 14 null 


100V 


10.00000 


DECK A -1 


±5uV 


16 


0000000 


10V 


0.000000 




845AR 


±1 uV 


17 


.1000000 


10V 


1.000000 


10V CAL 


±1 uV 


18 


.2000000 


10V 


2.000000 


DECK A -2 


±1 uV 


19 


.4000000 


10V 


4.000000 


DECK A -4 


±2 uV 


20 


.8000000 


lOV 


8.000000 


DECK A -8 


±4 uV 


Adjust the 845AR ZERO ADJ to obtain a system zero. 

Adjust the 720A readout dials for a nuM on the 845AR. Retain this setting for the next step. 



Table 4-12. FINAL LINEARIZATION OF DECK C, B AND A 
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m. Set the Standard cell voltage on the standard cel! 
readout dials of the 750A. 

n. Set the instruments to the settings shown in step 1 
of Table 4-14. 

o. Connect the 845AR across the output terminals of 
the 335D. The 845AR should read zero volts 
and be within the tolerance specified in Table 
4-14. 

p. Connect the 845 AR to test points A shown in Fig- 
ure 4-8. 

q. Set the instruments to the settings shown in step 2 
of Table 4-14. 

r. Switch in the null indicator with the switch on the 
750A and adjust the output of the 335D for a null 
indication (±1 microvolt) on the 845 AR. The 
335D should read =« 1100 volts. 

s. Connect the 845AR to test points B shown in Fig- 
ure 4-8. The null indicator should read within the 
tolerance specified for this step in Table 4-14. 



t. Perform the remaining checks in Tabic 4-14 by set- 
ting the instruments as specified in each step and 
checking the specified tolerance against the 845AR 
null indicator. The steps that are marked with a 
flag should be performed as in step o. of this 
paragraph. 

WARNING! 

During this procedure high voltage is present 
at the terminals of all test instruments except 
the standard cell. When relocating the null in- 
dicator the output of the 335D should be set to 
zero volts. 

4-66. TROUBLESHOOTING 

4-67. A thorou^ understanding of the principles of 
operation is necessary to efficiently troubleshoot the instru- 
ment. It is recommended that Section 3 be reviewed before 
attempting to troubleshoot the unit. 

4-68. The following troubleshooting procedure is in such 
sequence that it can be applied to any unit, including one in 
which the trouble is totally unknown and there is doubt 



720A SETTING 


335D 

RANGE 


335D 

DIAL SETTING 


NULL 

ADJUSTMENT 


845AR 

NULL 


1.0000000 


MBM 


010.0000 


lOOOV CAL 




1.0000000 




10.00000 


lOOV CAL 




1.0000000 


lOV 


10.000000 


IDV CAL 


±5uV 



Table4-13. FINAL RANGE CALIBRATION 




Figure 4-8. CONNECTIONS FOR RANGE CALIBRATION CHECKS 
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STEP 


7 BOA 
SETTING 

INPUT OUTPUT 


RANGE 


335D 

DIAL SETTING 


TOLERANCE 




1 






10V 


0.000000 


±10uV 




2 


noo 


5 


10V 


5.000000 


±60uV 




3 


1100 


10 


10V 


10.000000 


±110uV 


E> 


4 






lOOV 


00.00000 


±20uV 




5 


1100 


5 


lOOV 


05.00000 


±70uV 




6 


1100 


10 


lOOV 


10.00000 


±120uV 




7 


1100 


50 


lOOV 


50.00000 


±520uV 




8 


noo 


100 


100 V 


100.00000 


±1020uV 




g 






1000V 


000.0000 


±200uV 




10 


noo 


5 


1000V 


005.0000 


±275uV 




11 


noo 


10 


1000V 


010.0000 


±350uV 




12 


noo 


50 


1000V 


050.0000 


±950uV 




13 


noo 


100 


1000V 


100.0000 


±1700uV 




14 


noo 


500 


loopv 


500.0000 


±7.7mV 




15 


noo 


1000 


1000V 


1000.000 


±15.2mV 




16 


noo 


1100 


1000V 


10X0.0000 


±16.7mV 




■ 17 


noo 


1100 


1000V 


1099.999X 


±16.7mV 




[i> 


Perform this test as described in paragraph 4-65, step o. 





) 



Table 4-14. CONTROL SETTINGS AND TOLERANCES FOR CALIBRATION CHECK 



whcUicr powei can be applied without causing damage. If 
the unit is operable, the Resistance Measurement and the 
Stajidby Powei Check, paragraphs 4-69 and 4-71 may be 
omitted. The checkout follows the guidelines listed below, 
and is intended to !ocali/c the trouble to an assembly whiclt 
may be tested individually. 

a. R'.’nuwe the Pie-Rcgulafor P/C Assembly. 

b. Check all au.xiliar>- supplies and tlte reference volt- 
age. 

c Check the Coniiot Amplifier to ensure ihal it 
operates proper!}, when provided with an error 
signal. 

d. Verify that the Prc-Rcguiator is being turned on 
and off by ilie Unijunclion Oscillatoi. 

When it can be verified that the Pre-Regulator i.s contiolling 
power to the High Voltage Rectifier, the POWER nvitch 
may be set to the OPR position and the Series Pa.ss Liernenl 
checked. 

WARNING! 

The inner chassis is at the same potential as tlie 
+OUTPUT terminal. Avoid contact with the 



inner chassis and exposed parts. The Pre- 
Regulator circuitry is at line voltage above 
ground. When changing P/C boards, use the 
POWER switch OFF position and wait a few 
seconds after removing power to allow capaci- 
tors to discharge. When changing the Pre- 
Regulator Assembly, set the POWER switch to 
OFF. 

4-69. Resistance Measurements 

4-70. These checks verify correct output resLstance of 
auxiliary voltage supplies. A check of the sample siring may 
reveal an open resistor, which is sometimes a cause of loss 
of regulation. An ohmmeter (RCA VoltOhmyst or equiv- 
alent) is required for this test. 

a. Disconnect the instrument power plug from ac 
power. Disengage the chassis from the case by 
loosening the two Dzus fasteners on the rear of 
the instrument- Slide the unit out of the case and 
remove the fop inner cover. This wOl open inter- 
lock. 

b. Reiiuwc the Pre-Regulator P/C Assembly. Set the 
instrument POWER switch to OFF and set the 
front panel controls as follows: 



4-21 





335D 



c. 



d. 



POWER 

METER 

VOLTAGE RANGE 
TRIP 
VERNIER 
CURRENT LIMIT 
Decade Dials 



OFF 

V 

lOOV 

iOOOV 

Fully Clockwise (CW) 
Fully Clockwise (CW) 
50.00000 



Measure Ihe resistance between the following test 
points and the 4SENSE terminal. Connect the 
assembly to the motherboard by using the extender 
card. 



ASSEMBLY PIN RESISTANCE 

(Approx.) 



Auxiliary Power Supply 9 
Auxiliary Power Supply 10 
Current Limiter 1 

Current Limiter 3 



8.4 kilohms 
2.1 kilohms 

6.0 kilohms 

3.0 kilohms 



Disconnect the shorting links between tlic SliNSE 
and OUTPUT terminals. Remove tlie Differential 
Amplifier Assembly and connect dn ohmmeter be- 
tween pin 5 of the Differential Amplifier S(.>ckct 
and the negative SENSE terminal. The ohmmeter 
should indicate less than 0.5 ohm. Step each dial 
through its range; the resistance should increase 
according to the following table. Return each dial 
to zero after checkout. 



NOTE! 



4-71, Standby Power 



4-72. Fliis check measures power consumption in Uic 
SIDBY/RF.SET mode. It reveals possible gross faults 
such as wiring errors or shorted componcnls in the auxil- 
iary power supply, voltage control circuitry and protection 
circuitry. A metered Variac and differential voltmeter arc 
required for this tcsl. 



a. Remove the top inner cover ami the Pre-Regulator 
Assembly if not already accomplished. 



b. 



Connect (he instrument throug)i a Variac tea 115 
volt, 60 Hz, power line with a waMmeter or am- 
meter in series between the Variac and the instru- 
ment. Set the Variac output to zero. Set the front 
panel controls as follows: 



POWER 

VOLTAGE RANGE 
TRIP 
VERNiER 
CURRENT LIMIT 
Readout Dials 



OFF 

100 

1000 



Maximum Clockwise 
Maximum Clockwise 
50.00000 



c. Set the POWER switch to STDBY/RESET and 
slowly increase the output of the Vanac to 115 
volts. The CURRENT LIMIT and center decimal 
lights should come on and the time delay relay 
{ A6-K200! ) should operate. The watt me ter should 
indicate 30 to 40 watts power dram. 



4-73. Auxiliary Supply Voltages 



ThE check delect^ gross errors only, such as an 
open resistor. Resistors are factory selected for 
accuracy and temperature coefficient. 

READOUT DIAL RESISTANCE INCREASE 
OHMS PER STEP 



Seventh 


0.1 


Sixth 


1.0 


Fifth 


to 


Fourth 


100 


Third 


1000 


Second 


10,000 


First 


100,000 



e. Reconnect the links between the SENSE and OUT- 

PUT terminals and replace the Differential Ampli- 
fier Assembly. 



4-74. Tins procedure checks out tiic bias voltages, mas- 
ter reference vohage and the senes pass element voltage. 

a. Using the Model 895A diffcrcnlial voltmeter, 
measure the voltage between the test points listed 
m Table 4-15 and the +SENS1: tcmiina!, which is 
common. 

b. Where indicated, perform the adjustment to deter- 
mine that it can be made. These should be rc- 
chcckcd during calibration of the instrument. 

4-75. Unijunction Oscillator and Chopper 
Amplifier 

4-76. UNIJUNCTION OSCILLATOR. Tliis ciieck ver- 
ifies operation of the unijunction oscillator and the flow of 
error signal through the chopper amplifier, differential 
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ASSEMBLY 



PIN 



VOLTS DC 



Auxiliary Power Supply 
Auxiliary Power Supply 
Current Limiter 
Current Limiter 
Range Cal 
Reference Supply 
Series Pass 
Rear bulkhead power 
resistor, tOO kilohms 



10 

9 

1 

3 

Test Points 
Collector Q1 
Collector Q8 
Yellow lead 



23 to 27 
•14 to -16 
-33 to -39 
33 to 39 
14.9 to 15.1 
26 to 35 
Approx. 140 
650 to 725 










Adjustable to 25 volts ±.10 mV with R9 

Adjustable to 15.0 volts ±10 uv with R9on Reference Supply pcb. 

Approximately 1 volt at turn-on, rising to 26 to 35 volts after 10 minute warm-up. 



Table 4-15. REFERENCE AND AUXILIARY VOLTAGES 



amplifier and series pass driver. An oscilloscope is 
required for this test. 

a. Connect the oscilloscope with a lOX isolation 
probe between pins 14 (common) and 15 (input) 
of the Series Pass P/C Assembly. Set the oscillo- 
scope sweep speed to 1 milliseconds/cm and verti- 
cal sensitivity to 1 volt/cm. 

b. Set the POWER switch to STDBY/RESET. Posi- 
tive going pulses of 1.0 to 2.0 volts pcak-to-pcak 
sitould be observed. 

4-77. CHOPPER AMPLIFIER. Tliis ptocediirc checks 
the alignment and response of the Chopper Amplifier m 
the 335D. An oscilloscope and a genera! purpose supply arc 
required for (his test. To check alignment; 

a. install the Chopper Amplifier assembly on ihc ex- 
tender card. Connect an oscilloscope to tlie base 
of on the Chopper Amplifier Board. The scope 
common should be connected to Pin 1 3 of (ho card 
conneettu. Conncc( a clip lead between Pin 6 aiicl 
Pin 12 of (he input comiocior. 

b. Turn the POWER switch (o STDBY/RIiSET, Turn 
the CHOPPER DRIVE ADJUST (R43| maxi- 
mum clockwise. Turn CHOPPER C’OMPENS.A- 
T!ON ADJUST lo m axinuim clockwise. 

c- Adjust CHOPPER COMPENSATION ADJUST 
(R34) for minimum pulse amplitude. The total 

adjiisimem range of R34 should provide a posUive 



and negative pulse swing. If this is not satisfied, 
cut Ihc jumper across R33 and again adjust R34. 
When correctly adjusted, R34 will reduce the 
positive spike at transition point to zero. 

d. Alternately adjust R43 counter-clockwise and R34 
as necessary to obtain maximum squareness of the 
chopper waveform without a spike at the 
transition point. When correctly adjusted, wave 
form should appear as shown in Figure 4-9. 



◄ s=4 MSEC ► 




Figure 4-9. CHOPPER WAVEFORM 



0 . Replace the clioppcr board in (he instrument. 

4-78. To drcck amplifier response: 

^ 1 ' Connect the oscilloscope with a lOX isolation 
piohe hctw'ccn Pins 14 (common) and 15 (input) 
o! the Senes Pass P/C Assembly. Set the oscillo- 
scope sweep speed to 1 milliscconds/cm and verti- 
cal sensitivity to I voii/cm. 
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b. Set the POWER switch to STDBY/RESET, Posi- 
‘ tive going pulses of 1.0 to 2.0 voils pcak-to-pcak 

should be observed. 

c. Set POWER switch to OPR position. The pulses 
observed in step b. should disappear. 

d. Set the output of a laboratory power supply to 
5.5V dc. 

e. With 335D POWER switch in OPR position, 
connect the lab supply to the corresponding 
OUTPUT terminals of the 335D. 

f. Set 335D controls as follows and observe uni- 
junction pulses: 



Range 


Dialed Voltage 


Unijunction Pulses 


lOV 


5.000000 


Should appear 


lOV 


6.000000 


Should disappear 


lODV 


05.00000 


Should appear 


ioov 


06.00000 


Should disappear 


lOOOV 


005.0000 


Should appear 


lOOOV 


006.0000 


Should disappear 



4-79. Pre-Regulator 

This check verifies operation of the Prc-rcgulator circuitry 
Ql throu^ Q8. An oscilloscope and power line isolation 
adapter arc required for this test. 



c. Set the readout dials to 50.0000 and the POWER 
switch to STDBY/RESET. The oscilloscope wave- 
form should appear as showti in Figure 4-10. 

f. Set the POWER switch to OPR. The oscilloscope 
waveform should appear as shown in Figure 4-11. 

g. Set POWER switch to STDBY/RESET andremove 
oscilloscope connections. Bypass the interlocks. 
Set POWER switch to OPR. Voltmeter 335D 
should indicate 50±10 volts. 

h. Set RANGE switch to 10 volt range, Voltmeter 
should indicate S 1 1 volt. 




a. Set the POWER switch to OFF. Install the Pre- 
Regulator P/C Assembly. 



Figure 4-10. PRE - REGULATOR Ql. WAVEFORM 
ON STDBY/RESET 



b. Set the instrument front panel controls as follows: 



c. 



d. 



POWER 

RANGE 

TRIP 

VERNIER 
CURRENT LIMIT 



OFF . 

1000 

1000 

Maximum Clockwise 
Maximum Clockwise 



Connect the oscilloscope power plug to the ac line 
via a line isolator (two-to-threc wire adapter). The 
oscilloscope must be operated ungrounded when 
observing pre-regulator waveforms. 

Connect the oscilloscope common to the emitter 
of Ql and connect_ the input to the base. 
(Ql is the stud-mounted power transistor). Set 
the vertical input to dc, sweep speed to J miUi- 
second/cm and the vertical sensitivity to 0.5 
volt/cm. 




ON OPR 
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i. Set RANGl- switcts to lOOOvoH range. Voltmeter 
should indicate 500 ±100 volts. Set POWER 
switch to OFF. 

j. Connect tlic oscilloscope across the 50 watt /cner 
diode on the pre-regulator assembly. Connect 
Oscilloscope “positive” input to cathod, connect 
“negative” input to the anode use a lOX probe. 
Connect output to load box. 

k. Set decades foi 1100 volt output, set POWER 
switch to OPR, and set CURRENT LIMIT to 
60 mA. 

l. Set oscilloscoiK’ sensitivity to SOV/cin and sweep 
speed to 2 ms/cm. 

m. Set line voltage to 1 15V ac,60 liz. The waveform 
observed on the oscilloscope sliould appear as in 
Figure 4-1 2A and should not exceed 150 volts 
peak. 

n. Set -line voltage to 100Vac,60Hz. The waveform 
observed on the oscilloscope should appear as in 
Figure 4-1 2B. 

o. Set line voltage lo 130V ac,60Hz, The waveform 
observed on the oscilloscope should appear as in 
Figure 4-12C. 

p. Remove oscilloscope crrnncctions. 



4-80. Series Pass Element 



4-81. If the procedure has been completed satisfactorily 
thus far, the main parts of the voltage control circuitry have 
been checked out excluding the Series l^ass P/C Assembly. 
A differential voltmeter and a load resistor box are re- 
quired for this test. 

a. Set the line voltage lo lOOV ac and sot readout 
dials to all zeros on !0 volt range. Connect a 
voltmeter between the collector of Q1 and the 
emitter of 08 on the Pass Element assembly. This 
voltage should read less than 2V dc. 

b. Set the line voltage and .T35D controls as in 
Table 4-!(i and measure the voltage between the 
collector and emitter of Q8.Thc voltages should 
be within the specified limits. 




Figure 4-12. WAVEFORMS ACROSS ZENER DIODE 



Range 


Output 


Load 


Line 


Voltage Limits 
Across Q8 




Min. 


Max. 


10 


0 


0 


too 


45 


120 


10 


0 


0 


130 


45 


120 


1000 


1 100 


60 m A 


100 


42 


55 


1000 


1100 


60 mA 


130 


42 


55 



Table 4- 16 SERIES PASS ELEMENT VOLTAGE CHECKS 
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Connect the voltmeter across the OUTPUT termi 4-82. Voltmeter-Nuff Detector 
naJs of the 335D. Set the 335D for the following 

outputs on the !000 volt range {100. 300, 600, Pi>'P<«c of the trouble shootiugchart. Table 

900, I iOO volts) and short the OUTPUT terminals Hgurcs following is to locate and correct as 

at each setting. The output should return to quickly as possible any deficiency in operation of the volt- 
normal upon removal of the short. meter-null detector portion of the instrument. The causes 

and rcntedics of tlic more common troubles arc listed in the 
iroubieshooling chart. Tabic 4-17. Waveform.s useful for 
Iroubicshooling arc given in Figures 4-13 througli 4-18. 





» " - — ~ 
PROBABLE CAUSE 


FAULT ISOLATION PROCEDURE 


Blows fuses. 


Short circuit across 
secortdary of T1 


Test for short circuit between pins 1 1 and 1 2. 




Defective A6A1CR1 
through A6A1CR4 


Measure voltage of Cl (A6A1). Should be 10.5 volts. 
If near zero, replace CR1 through CR4, as necessary. 


Photo Modulator 
inoperative. 
(Meon lights out) 


Defective Q1 or 
Q2 


If voltage across Cl is less than 7 volts, replace Q1 and/or Q2 




Open winding on 
A6T1, or open C2. 


Waveform at A6A1T1, pin 1 should agree with Figure 4-13. 
If square wave is absent, A6A1T1 or C2 is defective. 




No drive to neon 
lamps DS1 and DS2 


A square wave of over 200 volts peak-to-peak should be 
present between pin 9 of A6A1T1 and the GUARD ter- 
minal. If not, A6A1T1 may be defective. 


Meter movement 
inoperative. 

s 


Dead meter. 

Defective auxiliary 
supply. 


Check meter with an ohmmeter. Panel meter should peg. 

Measure voltages at A6A1, pin 2 and A6A1, pin 3. If one 
voltage is near zero, check the associated diode and capacitor, 
If both voltages are zero, A6A1T1 is defective. 


Meter pegs or 
wanders. 


Meter mechanically 
stuck. 

Defective amplifier 


Using an oscilloscope with dc coupling, measure waveforms 
at junction of A6A2R22 and R24. If waveforms agree with 
Figure 4-14. check Q1 1, Q12, Q9, Q10, Q7, and Q8 by replace- 
ment. If waveforms are not correct, then check the following: 






(a) Waveform at junction of A6A2R22 and R24 looks more 
like waveform at collector of Q5, Figure 4-15: Q6 is open 

(b) No change in waveform at junction of A6A2 R22 and R24 
as ZERO control is rotated; R 1 is shorted, base of Q1 is 
shorted, V1 or V2us shorted, 

(c) Waveform at junction of A6A2 R22 and R24 looks like a 

square wave. Measure waveform at collector of Q5. If 
square wave disappears and waveform at collector of Q5 
is correct. Cl? is shorted. If waveform is not correct, 
remove Q4 and measure waveform at collector of Q3, 



Table4-17. TROUBLESHOOTING (SHI 1 OF 3) 
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SYMPTOM 


PROBABLE CAUSE 


FAULT ISOLATION PROCEDURE 


( 


.ontinued 

Defective amplifier 


Figure 4-16. If square wave persists, short base of Q1 to 
common. If square wave disappears, remove short and 
transfer short to R4, C4, and V1 junction. If square wave 
returns, a photocell is defective, or C4 is shorted. If square 
wave does not return, move the short to the end of R 1 that 
connects to SENSITIVITY switch. If signal reappears. CR 1 
or CR2 is defective. If square wave does not reappear, the 
SENSITIVITY switch Is defective. 

(d) No signal at junction of A6A2 R22 and R24. If there is 
also no signal at collector of Q5, Q6 is probably shorted. 

If Q6 is satisfactory, measure waveform at collector of Q3. 
If there is still no signal, C7, CRB, Ql, Q2, or Q3 is 
defective. 


Erratic or 
unstable condition 
when measuring a 
voltage or 
zeroing instru- 
ment. 


S6 

Erratic Contact. 


Replace or burnish contacts with crocus cloth. 


Meter deflects 
in one direction, 
only. 


Open winding on A6A1T2, 
defective Q3, Q4, Q5. 
or Q6. 


Check and replace as necessary 


Slower response 
in negative 
direction. 


Leaky C6 


Test and replace if necessary. 


Measurements 
are low on high- 
sensitivity. 


Shorted C17 or 
C18 


Test and replace if necessary 


Poor stability. 


Defective CRB. 


Replace if necessary. 


Noise on 10 uV 
range. 


Dirty or defective 
Q1, or defective 
Q2. 


Measure waveform at collector of Q3. Figure 4-17 waveform 
shown is normal. Additional noise at collector Q3 is due to 
dirty or defective Q2. Remove Ql 1 and Q12, and apply an 
input of 10 mv with sensitivity at 10 uv. Observe waveform at 
emitter ofQ3. For waveform shown in Figure 4-18: 

(a) Excessive noise can be caused by poor positioning of 
neon lamps. 

(b) Smaller waveform can be caused by slow response of 
photocells; if so, replace ceils. 



Table 4-17. TROUBLESHOOTING (SHT20F 3} 
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SYMPTOM 


PROBABLE CAUSE 


FAULT ISOLATION PROCEDURE 


Unguarded leak- 
age poor. 


Dirty grommets. 


Clean grommets. 




Leakage in A6A1T1 or 
A6A1T2. 


Test and replace if necessary. 


Guarded leakage 
poor. 


Leakage In A6A1T1 or 
A6A1T2, or pins touching 
circuit board. 


Test and repair as necessary. 




Contaminated binding 
posts. 


Clean binding posts. 


Poor overload. 


Defective R1,CR1,CR2, 
C2, C3, orC4(A6A1). 


Test and replace as necessary. 



Table 4-17. TROUBLESHOOTING (SHT 3 OF 3) 




Figure 4-13. WAVEFORM AT PIN 1 OF A6A1T1 
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5MS/CM 

INPUT SHORTED - ZERO CONTROL CENTERED 
- SENSITIVITY lOuV 



Figure 4-15. WAVEFORM AT COLLECTOR OF Q5 
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4-28 
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INPUT SHORTED- 5MS/CM 

ZERO CONTROL FULLY CLOCKWISE - 
SENSITIVITY lOuV 



Figure 4-14. WAVEFORMS AT EMITTER OF Q6 
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